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Basic Connections 


Important Message: 

Your safety 1S your own responsibility, including proper 
use of equipment and safety gear, and determining whether 
you have adequate skill and experience to complete a speci- 
fic project. In order to show the project steps more clear- 
Ly, some illustrations do not depict safety precautions or 
equipment. Electricity and other resources are dangerous 
unless used properly and with adequate precautions, inclu- 
ding safety gear. The projects included in this book are not 
intended for use by unsupervised children. 


Use the instructions and suggestions in ABC: Basic Con- 
nections at your own risk. PighiXXX and the author disclaim 
all responsibility for any resulting damage, injury, or 
expense. 
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© Supply IN Crossing 


— Ground —= Connection 


(e) IN/OUT @ Junction 


Online Content 
You can download additional information, support files and 
code related each schematic from the URLs on the cloud 


1cons. 


0-1.es/xx 


We have a web page for this book where we list errata, exam- 
ples, and any additional information: 


abcthebook.com 


For technical questions about this book, please contact our 
Support team at: 


Ccontact@abcthebook.com 
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Conventions 


This book uses American English spelling and the de- 
Cimal point as the decimal mark. Although the Inter- 
national System of Units prescribes inserting a 
Space between a number and a unit of measurement, 
such spaces are omitted in this book for aesthetic 
reasons. 


The following conventions are used in this book: 


@—— 1s Standard Input/Output Signal 
O—"\—— —Ss PWM Input/Output Signal 


O—J—_ Interrupt Pin 


O/v— Analog Input/Output Signal 


oy Information 
i] Useful tips about the circuit 


A Caution 


aoe, Useful tips about common pitfalls 
and limitations of the circuit 


p 
Useful advice to help you avoid 
destroying any component 


Information 
Useful information about the circuit 


Used also in pinout diagrams 


Device Pin Name 
[SDA / 


Pin Name 


e2 





ABC Basic Connections 2018.indd 17 


23/11/2017 18:01 





Acknowledgments 


I am most grateful to a great number of reviewers for their 
constructive criticism and suggestions. I am also indebted 
to the many authors whose books or websites I have consul- 
ted over the years. 


This book has been realized by the effort and skill of many 
people. 


I thank Raffaele Piacente (AKA Testato) for his excellent 
proofreading and testing work. 


Thanks to Adafruit and Limor Fried for her support since 
the earliest days and for believing in my work. 


On behalf of everyone who has downloaded user-contributed 
Arduino libraries, I would like to thank the authors who 
have generously shared their knowledge. 


A big thanks to the entire Arduino™ comxunity and to and 
all my supporters that encourage me daily to create new 
content. Thanks to my friend Luis Estrella who has always 
believed in me and helped me in this publishing venture. 
And last, but not least, thanks to my wife Olga for her 
patience in the face of deadline-induced irritability. 


And above all, thanks to all of you who supported us on our 
Crowdfunding campaign. Thank you for making it possible! 


e® 


ABC Basic Connections 2018.indd 18 23/11/2017 18:01 











ABC Basic Connections 2018.indd 19 





0-1.es/A1 


Ohm's Law 


Basic Concepts 


Ohm's law 1S one of the most fundamental relation- 
ships found in electric circuits: for a given resi- 
Stance, current is directly proportional to volta- 
ge. In other words, if the voltage through a circuit 
with a fixed resistance increases, the current in- 
creases. If the voltage decreases, the current de- 
creases as well. Ohm’s law 15 expressed with a 
Simple mathematical formula: 


|= i x 


Where WV stands for voltage Cin volts), I stands for 
current Cin amperes), and R stands for resistance 
Cin ohms). Ohm's law is very useful because it lets 
you calculate an unknown voltage, current, or resi- 
Stance. If you know two of these three quantities 
you can calculate the third. 


Resistance Gtigane Voltage 


Known values 
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Ohm's Law 


Basic Concepts 


It iS easier to remember this Ohm's law relation- 
ship by using pictures. Here the three quantities 
of V, I and R have been superimposed onto a triangle 
(called the Ohm's Law Triangle). This arrangement 
represents the position of each quantity within the 
Ohm's Law formulas, making it easier to remember. 





Transposing the standard Ohm's Law equation above 
will give us the following combinations of the same 
equation: 
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Ohm's Law 


Basic Concepts 


Electric Power (P) is the rate at which energy is 
absorbed or produced within a circuit. Electric 
power 1S measured in watts (W), that is, joules per 
second. A source of energy will supply power while 
the connected load absorbs it. A light bulb, for in- 
Stance, would absorb power and convert it into both 
heat and light. The higher its value or rating in 
watts, the more electrical power it 1s likely to 
demand. 


A A A 


= (00 
= 48W 





Example test circuit 
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Ohm's Law 


Pie Chart Reference 
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Resistors 


Basic Concepts 


Conductors are a materials that allow current to 
Flow through them and insulators are materials that 
don't. The key factor that determines whether a ma- 
terial 1S a conductor or an insulator is how easily 
its atoms give up electrons to move charge along. 
Most atoms are very attached to their outermost 
electrons, and are therefore good insulators. But 
some atoms don't, making them good conductors. 


End caps Carbon film 






| 


Coating Ceramic 


If a conductor and an insulator are mixed together, 
the resulting material would not conduct current 
very well. Such a material would have an inherent 
resistance, resisting the flow of current through 
it. The degree to which the material resists cur- 
rent flow depends on its exact mixure of elements. 
A conducting material such as carbon might be mixed 
with an insulating material such as ceramic. If the 
mix 1S mostly carbon, the resistance of the mixture 
will be Low. Whereas if the mix 1s mostly ceramic, 
its resistance will be high. 
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Resistors 


Basic Concepts 


Resistance 1S measured in ohms, represented by the 
Greek letter omega (Q). The ohm is defined as the 
amount of resistance required to allow one ampere 
of current to flow when one volt of potential 15 ap- 
plied to the circuit. In other words, if you connect 
a 1-ohm resistor across the terminals of a 1-volt 
battery, one amp of current will flow through the 
resistor. 


=D — 


4.7kQ) 


In schematic diagrams, resistors are represented by 
a jagged line, with its resistance value typically 
written next to the resistor symbol. 


The abbreviations k (for kilo) and M (for mega) are 
used for thousands and millions of ohms. Thus, a 
1,000 ohm resistance is written as 1 kQ, and a 
1,000,000 ohm resistance 1s written as 1 M). 


The resistance value of a resistor can be determi- 
ned by examining the color codes that are painted 
as stripes on its outer surface. These stripes in- 
dicate its resistance value in ohms and its tole- 
rance, which indicates the maximum variation of the 
real resistance value compared to the value repre- 
sented by the stripes. 


e2 
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Black 
Brown 
Red 
Orange 
Yel Low 
Green 
Blue 
Violet 
Gray 
White 
Gold 


Silver 





E24 Resistors 


x100 


De 
Ho 
HG 
HG 
919 | 








E24 Resistors 


Common Standard Values 


<L- 
10 100 
1,20 120 
1.50 150 
<I) 

1.80 180 
<M) 

2.20 220 

2.79 270 

3.30 330 
<T)- 

3.90 390 
<i) 

4.70 470 

5.60 560 

6.80 680 
<I) 

8.20 820 


1000 


1200 


1500 


1800 


2200) 


2700) 


5300) 


5900) 


4700 


5600) 


6800) 


8200) 


1kQ) 


1.2k0 


1.5k0 


1.8k0) 


2.2k0) 


ANY 


5. 5kKO 


5.9kKO 


4.7kQ 


5. 6kKO 


6.8k0 


8. 2k0 


10k) 


12k) 


15k) 


18k0) 


22k) 


27k) 


535kQ) 


59k) 


47kQ 


56k() 


68k() 


82k() 


100kO 


120k) 


150kO 


180k0 


220k) 


270k) 


550kKO 


590kKO 


470kKQ 


560k0 


680k0 


820k0 


© Partial List, full version available online 
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1MQ 


re. 


1.5MQ 


1.8M0) 


2. 2MQ 


2./MQ 


5. 5MO 


Deg Pt) 


4. 7M 


5. 6MO 


6.8M0 


8. 2M0 
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Black 
Brown 
Red 
Orange 
Yel Low 
Green 
Blue 
Violet 
Gray 
White 
Gold 


Silver 


E48 Resistors 


Bal =} - fe) ~ I 





Color Code 


— TT )— 
























-/EREESeeaah 









E 


Ee Ed 


a 


aah 
SS 
eS 


Ta 
Ee 
L100] 
EM 
Kg 





ce) 


ultiplier Tolerance 





+2% 


I+ 


ot 
SS 
oe 
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E96/E192 Resistors 


Color Code 





Tolerance 


Multiplier 


Oy 


LEPEETE 


= BER eeee- 





-BES5°o8R0- 
(am) 
= 
=H Beee - 
(am) 


< © OD wo Fz ff wo YP DW Ww 

U s G0 n Oo oD) > oO oO ) 

TM © ag = amet Ww — — L_ — 

— — oO — LL @ eo th 2S 

ae) faa Lu aD) (D9 —_— = 
Oo > > 


_ 
Fl + 
_ 
& 





Gold 
Silver 
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Capacitors 


Basic Concepts 


Capacitors are components that that store electric 
energy as an electric field. They consist of two 
plates made of a conducting material such as silver 
or aluminum, separated by a thin insulating mate- 
rial such as Mylar or ceramic. The two conducting 
plates are connected to terminals so that a voltage 
Can be applied across them. 


Terminal Conductive 
Plate 


| 






e-——— Dielectric 


Conductive 
Plate Capacitor 


Because the two plates are separated by a die- 
Lectric, that 1s, an electrical insulator that can 
be polarized by an electric field, a closed circuit 
1s not formed. Nevertheless, current flows for an 
instant. When the voltage from a source such as a 
battery 1S connected, the negative terminal of the 
battery immediately begins to push electrons toward 
one of the plates. 
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Capacitors 


Basic Concepts 


At the same time, the positive side of the battery 
voltage begins to pull electrons (negative charges) 
away from the second plate. Ihe electric field that 
builds up between the two plates allows current to 
flow. As the plate on the negative side of the cir- 
cuit Fills with electrons, the electric field crea- 
ted by them push the electrons away from the plate 
on the other side of the dielectric, toward the po- 
Sitive side of the battery voltage. 


Ld 


Capacitor Charging 





As current flows, the negative plate of the capaci- 
tor builds up an excess of electrons, whereas the 
positive side develops a corresponding deficiency 
of electrons. At the same time, the voltage between 
the two plates increases proportionally to the dif- 
ference in charge between the two plates. 


The voltage continues to increase until the capaci- 
tor voltage equals the battery voltage. Once they 
are the same, current stops flowing through the 
Circuit, and the capacitor 1s said to be charged. 
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Capacitors 


Basic Concepts 


Once the capacitor has been charged it will acquire 
the same voltage as the battery, and the charge will 
remain in the capacitor even when disconnected. The 
amount of charge capacitors can store 1S proportio- 
nal to the area of their plates. 





Capacitor Charged 


When a charged capacitor is connected to a circuit, 
the voltage across its plates will drive current 
through the circuit, discharging the capacitor. 





Discharging Capacitor 
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Capacitors 


Basic Concepts 


Capacitance 1s the electrical property of a Capaci- 
tor that defines its ability to store an electric 
charge onto its two plates, with the unit of Capaci- 
tance being the farad (F). A 1-farad capacitor can 
Store 1 coulomb of charge at 1 volt. A coulomb is 
6.25e18 (6.25 billion billion) electrons. Based on 
this definition, one ampere represents a rate of 


electron flow of 1 coulomb of electrons per second. 


As in the case of resistors, capacitors also have a 
manufacturing tolerance for their capacitance 
value. 


Tolerance Hornane 


Code Voltage 





If there 1S enough room on the package, most manu- 
facturers print the capacitance value directly on 
the capacitor along with other information such as 
the voltage rating and the tolerance. 


ABC Basic Connections 2018.indd 32 





e2 


23/11/2017 18:01 








0-1.es/R4 


Capacitors 
Markings 


Multiplier 
1 ST 2ND 


Multiplier Multiply by Digit Digit} Tolerance Letter Tolerance Tolerance 





10x10,000 = 100, 000pF 
100,000pF = O.1pF +10% 


Conversion Table 


picofarads nanofarads microfarads 


C® 000, 100,000 100 
@°® 
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Components in Series 


Capacitors 





10Q@nF 10Q@nF 


1 
1 1 
| a oF 
ie 100 100 100 
Cro7a = 35.55nF 


Resistors 
Ry R» R3 
(@) (@) 
$500 3500) $500 


Rro7aL = Ry ch R + R 3 Rro7aL = 550435504550 


Rrora.= 9900 





1 
CroTaL= nn i ae 
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Components in Parallel 


Capacitors 


Cy C> C3 





100nF 100nF 100nF 
Crora) = C4 + C> + Cz Cro, = 100+100+100 


Crora, = 300nF 


Resistors 
R, Re R; 
¢e) 
PF eG 
” 3300 3300 3300 
1 1 
RToTAL= nn a a RToTAL= nn i a 
— +#— + — — + —— + — 
Ry Rz Rz 550 550 5350 
Rrora.= 1100 C& 
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Diodes 


Basic Concepts 


Diodes are components made from a combination of a 
p-type and n-type semiconductor material, most com- 
monly silicon. 


Anode 
p-n junction | Oxide 








Cathode ——e 


e—— Depletion 
Layer 


>” ®@e ef - 
ee eee ef See junction 
ee e 





i— Cathode Anode ——e 


Silicon Planar 
Diode Structure 


The lead attached to the n-type semiconductor is 
called the cathode. Thus, the cathode is the nega- 
tive side of the diode. Alternatively, the positive 
Side of the diode, that is, the lead attached to the 
p-type semiconductor, 1s called the anode. 


br 


In the schematic symbol of the diode, the anode 1s 
represented as a triangle and the cathode is repre- 
sented as a bar. You can think of the anode side of 
the symbol as an arrow that indicates the direction 
of conventional current flow, from positive to ne- 


C& gative. 
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Diodes 


Basic Concepts 


When p-type and n-type silicon are placed together 
during the manufacturing process, a junction 
called p-n junction is created where the p-type and 
n-type materials meet. Holes, or lack of electrons, 
close to the junction in the p-type silicon are at- 
tracted into negatively charged n-type material at 
the other side of the junction. 


© Electrons 
Depletion layer @ Holes 


Saae aa cs 





Diode 
Depletion layer 


At the same time, electrons close to the junction 
in the n-type silicon are attracted to the positi- 
vely charged p-type silicon. The recombination of 
holes and electrons produces a narrow region at the 
junction called the depletion Layer. 
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Diodes 


Basic Concepts 


When a voltage source 1S connected to a diode such 
that the positive side of the voltage source is on 
the anode and the negative side 1s on the cathode, 
the diode becomes conductive and allows current to 
Flow. This configuration is called forward bias. 


Forward Widened 
current depletion 
flow (I...) —ey 





Diode in 


eevern CAaeeGn Reverse-Biased Diode 


If the direction of the voltage 1s reversed, when 
connecting the positive side to the cathode and the 
negative side to the anode, current doesn not flow. 
In this case, the diode becomes an insulator. [his 
configuration 1s called reverse bias. 
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Diodes 


Basic Concepts 


Forward and reverse bias can be illustrated by con- 
necting a light bulb to a battery with a diode in 
series. In the circuit on the left, the diode is 
forward biased, so current flows through the circu- 
it and the light bulb lights up. In the circuit on 
the right, the diode is reverse biased, so current 
does not flow and the light bulb remains off. 





Forward bias Reverse bias 


When a diode is connected to a circuit, no current 
can flow between anode and cathode until the anode 
1S made more positive than the cathode by a forward 
voltage sufficiently high to overcome the natural 
reverse potential of the p-n junction. This volta- 
ge, called forward voltage drop (Wp), is usually 
around @.5V. 
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Transistors 


Basic Concepts 


Transistors similar to diodes but containing a 
third layer of either n-type or p-type semiconduc- 
tor on one end. The interface between each of the 
three regions forms a p-n junction. 


Oxide Emitter Oxide Emitter 
| Base | Collector | Base | Collector 





Substrate Substrate 
Planar transistor Lateral planar transistor 
structure structure 


One way in which transistors are made is by sandwi- 
tching a a p-type semiconductor between two n-type 
semiconductors. This type of transistors are called 
NPN because they have three regions: n-type, 
p-type, and n-type. 


Alternatively, PNP transistors are made by sandwi- 
tching an n-type semiconductor between two p-type 
semiconductors. 
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Transistors 


Basic Concepts 


Each of the three regions of semiconductor material 
In a transistor has a lead attached to it. They are 
called collector, base and emitter respectivelly. 





Collector: Attached to the largest of the semicon- 
ductor regions. Current flows through the collector 
to the emitter as controlled by the base. 


Emitter: Attached to the second largest of the se- 
miconductor regions. Current flows from the collec- 
tor to the emitter when the base voltage allows. 


Base: Attached to the middle semiconductor region. 
This region serves as a valve that controls how much 
Current 1s allowed to flow through the collector-e- 
mitter circuit. When sufficient voltage is applied 
to the base, current is allowed to flow. 
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Transistors 


Basic Concepts 


Transistors are current-regulating devices that act 
as a current-controlled switches. The amount of 
Current flowing through them varies proportionally 
with the amount of biasing voltage applied to their 
base terminal. 








Vee 





Vc 








The schematic symbols for both transistors have 
their arrows pointing in the direction of the con- 
ventional current flow, between the base terminal 
and its emitter terminal. The direction of the 
arrow points from the positive p-type region to the 
negative n-type region for both transistor types, 
the same occurs with the standard diode symbol. 





Two diode analogy 
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Transistors 


Basic Concepts 


Transistors come in a wide variety of physical 
packages. Package type 1s primarily dependent upon 
the required power dissipation of the transistor, 
with it physical size being proportional to its ma- 
xXimum power dissipation. 





TO92C TO92B TO92A T1018 T0126 T0218 
T0359 T0220 


It is very important to check the datasheet 
of each transistor since the pinouts are not stan- 
dardized. 


Symbol Description 


Collector-Emitter Voltage 
| Ven Emitter-Base Voltage 
Collector-Base Voltage 


Te [atten corret 
i [estactar caret 
eo 
ire [corratcee 





Important transistor characteristics 
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Transistor Selector 







BC338 


45V 800mA 
100 














2N2222 
40V 600mA 






50V 500mA 
200 


_—_-_—-— 






$8050 


50V 700mA 
120 












2N4403 
40V 600mA 





_-_—— eo 
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Transistor Selector 














BC328 


25V 800mA 
100 







$9012 
40V 500mA 










BC327 
45V 800mA 
100 P55, 
at SS —, a, 2N2907 

io Ye 60V 600mA 
100 






















50V 500mA | 

















$8550 


20V 700mA 
100 


che 






45V 100mA 
180 


che 
oF 






2N3906 


(40V 200mA 
| 100 










SF 48V 500mA 
ees 100 


ebc 




















$8050 © 


50V 700mA 
120 


ebc 














BD140 


80V 1.5A 
100 


bce 
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ATmega3Z8P 










ESE)?" PCCW A ——@ 
RXD /PcNT's POR 7 ——@ 


TxD. /PcnT” PORT AE —@ 


ANTBY (Pct MPD A$ | 
(0028) GINTAY/Pcnt (ARGS AE © | 


MTB) xck few AE} —@ 
«cyay—_e 
ewey—e 








(OSC) GAD)? cw * (PBC A —@ | 
(0562) GAD)? ct? (PBA AIF ——@ | 
(tee) ST /ecwr’ AROS A | 










(OCOK GAINGY)> cnr”? PDC ADF /\-@ 


AND)? c1nr EDR KEY —®@ 
MPA ACLKO)/ Pct? (ARB ALF —$@ 


Power 

GND 

Physical PIN 
Port PIN 
Analog PIN 
Serial PIN 
PIN Function 
Interrupt PIN 
Control PIN 
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Pinout 





WN MAX per pin 
4QmA, 20mA recomended 


CBI EE." SCL 
© _ BR ow") SDA 


| BY GY)- 0" 
1B Bh ay 

| C9 BG) (ron) oy 
|B BD)? cw (AY 
\¢—_Bwy 

|e _ iy 

|e —_H7 4g 

| BD BS) 015/ SK 
| BED Brot MISO 
OO". BD EBSD? / MOs| 


"BF Bron? 
1" A BD) (MOCHA 





& Gls AEaitits MAX per pin 200m 
for the entire package 


\\ The total current of axis port 


Y power group ] 100mA 


—"\" -— PWM Pin 
| «& Port power group 
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ATtiny85 


Simplified Pinout 





A= MAX per pin 
' -10mA, 5mA recommended 








ESE (AOEBY)'P > (PBS AF ——e 
BERD SGP. (PBS AF /\—0 


BERD GY? 1: (PBR AEF /\—0 
wily —_e 


o—_ «vay 
EN Boni?) Sc SK 
owe: ee 

\ AE AEBBD) c=) SOA HOI MAREE 











>) MAX per pin 60mA 
\ for the entire package 





ICSP Programming 














se ee yy 
L o—_4 scx 
o—_ £9) wIs0 
o—__ 49 “os 
AD Power 
@® sno 
MP Physical PIN 
MN Port PIN 
MY Analog PIN 
Serial PIN 
>) PIN Function > 
> Interrupt PIN 47— Interrupt Pin 
MD Control PIN \ -— PWM Pin C& 
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ATtiny84 


Simplified Pinout 


MAX per pin 
10mA, 5mA recommended 


<7 55 
(ecw? ABBY, 
(een? EER, 
rent BB, 

Pie) 7] 5 Ne 
COG nr RD a fe 
SOA) HO! ADGBY/°cw7* ABROy AF —e 





| 











t 







A Gay —_ 


Power 

GND 

Physical PIN 
Port PIN 
Analog PIN 
Serial PIN 
PIN Function 
Interrupt PIN 
Control PIN 


ABC Basic Connections 2018.indd 49 












Mos! £E7¥——e | 








YY for 


o—_Dhy 
© BED PAGD) |? on * ROY MARE 


| 4 BD) ay 


© A Br.’ ay 
© BF ASP? (AS 


| ¢ — BE BRD) AO sc. 


"EE RY) on7*/ MISO 


), AERIS MAX per pin 60mA 


the entire package 


ICSP Programming 
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ATtiny2515 


Simplified Pinout 





A MAX per pin 
10mA, 5mA recommended 


o_ A ay 

o—§_ AI MPS/Pcint5/ sc. usck 
co °/ | ene 
o——§ AE OP85/rcint5/ SsbA mosi 
"A ED 00) 
"AW AEB e0n7) 
"Ay MB 2007) 
oy BWP) 
oF BY 007) 
o—_ AD easy 


ky RMaay—e 
Rx0 (Poa af 








rT RAZ 


ry RM 
(iNT a, GR02y #—_ 














cy iy—__e 





& Haas per pin 60mA 


\SY for the entire package 


Power 

GND 
Physical PIN 
Port PIN 
Analog PIN 
Serial PIN 
PIN Function 


Interrupt PIN e 
Control PIN ern oe 
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ESP8266 


Simplified Pinout 















o—_£7 4159 
cs Bie "A M08 x02 vos 
(@) or MISO 
CLK 
SOA rae 
SCL SER 
RXD GoaARKS 
~ Oo oI moO 
TXD - = Ao 
MD Power A mseheeey MAX per pin 
gy wo | 5 12mA, 6mA recommended 
A Physical PIN 
MD Port PIN 
MRD Analog PIN OS 100 102 Boot Mode 
Serial PIN pov | ov | UART Bootloader 
LL | ov | 3.3u | 3.30 Boot Sketch (SPI Flash) 
—\ -— PWM Pin 


RXD 
A> Power (Settee: \ ALL ESP8266 IN/OUTs 
WY 3.3V,=250mA CY are NOMEN tolerant! 


e2 
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ESP8266 
ESP-12S Minimal Setup 
+5V 
Cr) 
4.5 
eS | 
+ 





| 
Kitt 
—@c— 


A K 
1N4007 


10k) 











— 3V3 


Don't forget to connect all nN C& 


the ground wires together! Goa 
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FIDI 


Pinout 





A, Check the I/0 pin voltage before 
A programing the microcontroller! 


y... FTDI cable is a USB to Serial (TTL level) converter which allows for a simple 
way to connect TTL interface devices to USB. Normally the 1/0 pins of FTDI cable 
are configured to operate at 5V. The FIDI cable uses the RTS signal for hardware 

C& reset when programing a microcontroller board. 
() 


ABC Basic Connections 2018.indd 53 23/11/2017 18:01 








0-1.es/P7 


ICSP 


Pinout 





The ICSP header allows the microcontroller to re- 
ceive the firmware or the bootloader. ICSP stands 
for In Circuit Serial Programming, it 1S a standard 
way to program AVR chips. ISCP uses six pins to 
program the microcontroller: 


MISO: (Master In Slave Out): the slave line for 
sending data to the master. 


MOSI: (Master Out Slave In): the master line for 
sending data to the peripherals. 


SCK: (Serial Clock): the clock pulses that syn- 
chronize data transmission generated by’ the 
master. 


RESET: connected to the reset signal of the micro- 
controller. 
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LED 


Basic Connections 


@& Reversing the polarity 
“7 will not damage the LED 


+5\V 











LED turns on when ma 
pin is set to/HIGH 6 





gm LED turns on when 


WF pin is set to/LOw / 
=@ 11 10> 





Don't forget to connect all A 
the ground wires together! < 


fg ... ClLigth-emitting diodes) are components that are polarized and only allow 
current to flow in one direction. LEDs normally have two terminals: the anode 
(A) or positive side (the longer lead), and the cathode (K) or negative side 
C& (the shorter lead closest to the flat edge of the LED). 
() 
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LED 


Test Code 

int LEDPin = 13; Assign variable LEDPin as pin 13 
void setup() { 

pinMode(LEDPin, OUTPUT) ; Initialize the pin as an OUTPUT 
void Loop() { 

digitalWrite(LEDPin, HIGH) ; Turn the LED ON 

deLay(100Q0) ; Wait for 1 second 

digitalWrite(LEDPin, LOW) ; Turn the LED OFF 

delLay(1000) ; Wait for 1 second 


Typical LED Current Limiting Resistor Values 


= 2200 

© Red 

_ 1800 

@ screen ~AD- 

_ 1000 

@ Bue ~<Mh- 

_ 2000 

©) Orange +E) 
1000 


() White -(iND- 


|) the current that flows through an LED is very important! For this 
purpose, a current limiting resistor is used in series with the LED. If you 
connect the LED directly (without a resistor in series) the microcontroller or 
the LED may suffer damage! 
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Alternating LEDs 


Basic Connections 


+5\V 


turns off when pin is set to/LOW / 


lr A 
N ; y 


) Red LED turns on & green_ LED ‘ 


@ Red LED turns on & green LED 























“® turns off when pin is set to/HIGH (¥) 
S 

K 
<= = 
CO 























e2 
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Bi-Color LED 


2-Lead LEDs 























oo 
NA 
Ny) 

(7) Red LED turns on when pin is set to/HIGH 
“® Green LED turns on when pin is set to/LOW/ = 
Switch pin to/INPUT/to turn off both LEDs i 


5-Lead LEDs 


ma 
rN 
=r 

















AR 
K 
@) Red LED turns on when pin 1 is set to /HIGH 
“™ Green LED turns on when pin 2 is set to /HIGH 
LED appears orange when both pins are set to/HIGH — C® 
@°® 
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LED Cluster 


Basic Connections 








# Of LEDS rs 
1KO 
1 
8200 ‘ 
€ 
7500 ‘A 
3 4H) 
6820 «3 
as S 
4700 





(¥) 
aN 
ga LEDs turns on when aN 
WI pin is set to/HIGH NPN 


B 
e 5) 
4.7kO : 


Don't forget to connect all A 
the ground wires together! < 





e2 
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B 
2N2222 
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RGB LED 


Common Cathode Configuration 


gm LED turns on when 


oO pin is set to/HIGH 





if ace )\ 

} 
i y) 
ii». 
( \ 





Common Anode 


gm, LED turns on when 


WW pin is set to/LOw/ 
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1800 


1000) 





2200 





Configuration L) 


CO WC 















































ae 














+5V 


e2 
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LED Strip 


Basic Connections 





gm LEDs turns on when 


\ 4 pin is set to/HIGH 





Webs Ge mo 





Don't forget to connect all 
the ground wires together! < 





IRL540 


fy, 1 meter long LED strip can draw nearly 1A when all LEDs are on full brightness. 
The 1/0 pins of most microcontroller boards can only supply up to 4@mA each, so 


you will have to help it out with a driver circuit to boost the power. This 
C& circuit uses 3 PWM signals from the board and uses them to drive 3 MOSFETs. 
(" 


ABC Basic Connections 2018.indd 61 23/11/2017 18:01 





0-1.es/7 


Digitally-Addressable LEDs 


Basic Connections 


At’ external power supply 





A, It’s recommended to connect 
a 100uF capacitor between 
the @and@® 






os eeSHte en) 





\ Don't forget to connect all 
s the ground wires together! 





—) When connecting digitally-addressable LEDs to any LIVE power source 
or microcontroller, ALWAYS CONNECT GROUND (@) BEFORE ANYTHING 
ELSE. Conversely, disconnect ground Last when detaching the LEDs. 





y,.,,. schematic is valid only for RGB color pixels and strips based on the WS2812, 
WS2811 and SK6812 LED drivers, which use a single-wire control protocol. Do not 


power the strip directly from the 5V pin of the microcontroller board! Each 
individual LED draws up to 6@mA when set to white at maximum brightness. C® 
@°e 
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2700) 


Charlieplexing 


Basic Connections 


—<- 1 2 3 





(LOW) (HIGH? /INPUT/ # (7) 
/HIGH/ (LOW (INPUT) # ( 
/INPUT// LOW / (HIGH) ® (3 

















/INPUT/ HIGH) /LOW/ @ 
(LOW) /INPUT/ /HIGH/ @ ( 











HIGH) /INPUT// LOW / @ 





























AGT osocssectexins is a technique for driving a multiplexed display in which relati- 
vely few I/O pins on a microcontroller are used to drive an array of LEDs. Not 
only does it take advantage of the two states that we normally change, HIGH and 

C® LOW, but it also uses a third state by changing between OUTPUT and INPUT modes. 
@°e 
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LED Matrix 


Basic Connections 














: 2200 


8 2200 Cf 
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Multiple LED Clusters 


Using the ULN2803 Darlington Transistor Array 





















@» LEDs tur 
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\ 2) pin 1s set to/HIGH 





Avw 
Ce) 100uF 
16V 











# of LEDs © 














< < < < 
ad am Cc ~~ 
1KO 
A A A A 
i QOL 
SS NAS NAS Ss 
m €@.@.@ € 
6800 SS NAD NAS ~~ 
€. ©. @a2": @ 
“Ton s BI GH S 
» OQ @ 
SS NAY NAS “ 
ns on when @). @). ©). @). 

















“) Maximum 500mA per 1/0 pin 
—) Maximum 2.5A for entire package! 








A, Don't forget to connect all 
) the ground wires together! 
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ULN2803 


Pinout 





ULN2803 








Port Schematic 





fy... ULN2803 is an octal Darlington transistor array that delivers up to 500mA of 
current for each pin and operates at up to 5@V. You can drive motors, DC light 
bulbs, relays, solenoids, etc. The Darlington output pins can even be connected 
in parallel for higher current applications. C® 
e 
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Decoder/Demultiplexer 


Using the /4HC238 Decoder 


















































1 2 5 1 2 3 
(LOW {LOW // LOW 4 (LOW / {LOW //HIGH/ 
/HIGH/ (LOW // LOW / /HIGH/ (LOW / /HIGH/ 
(LOW / (HIGH? / LOW / (LOW / (HIGH? /HIGH/ 
/HIGH/ (HIGH / LOW / /HIGH/ /HIGH/ /HIGH/ 
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~~ 2200 


Don't forget to connect all 


N the ground wires together! 














Maximum 25mA per I/O pin 
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74HC238 











Pinout 

tC) 

Co S —_ ™N ND ST Ln Oo 

_> a > > a a > a 

z= 

CO 
NY 
™S 
LJ 
a i 
xT 
™ 

S _— N — N ND ™ C 

al <r <I Li Li Li} > a 


OP 


Connecting Multiple /4HC238 











@m™— You can drive 
6. to 64 LEDs! 










Slaves Master Enable 


iy... 74HC238 is a high speed GMOS 3-to-8 line decoder. It has three binary select 
inputs (A@, A1, A2) which determine which one of the eight outputs (YQ-Y7) will 
go high. This chip has three enable inputs (E1, E2, E3). If you leave E3 low, 
no outputs can be set to high. C® 
() 
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Shift Register 


Using the 74HC595 Shift Register 






+5V 


() Maximum 2@mA per I/O pin 









































1 


Don't forget to connect all nN = 
the ground wires together! . 


/SDO /outputs the over- ga 
ee Flown bit to be shifted “LY 
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74HC595 


Pinout 
YY“ sco 
SY I fe 
cy <f 7 = ee ee ee 
> CY YW) © ox YW) YW) Cc 





74HC595 








mo 2 oo ft tk we =. 
Ss Cc CF YG GS Wao Ce 


GND 


Connecting Multiple /4HC595 

















Data OUT Clock Data IN Latch 


iy... 74H0595 is an 8-bit shift register. It takes 8 bits from the serial input 
and outputs them to 8 pins. You can daisy chain them together so it’s really 
easy to control a big number of LEDs or power transistors from only 3 digital 
microcontroller pins. C® 
ee 
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Input Shift Register Via SPI 


Using the 74HC165 Shift Register 


+5V 














. Don't forget to connect all 
the ground wires together! 
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74HC165 


Pinout 


Oo flu 
—_ 


Q/ 


SY. N Tr So WW 
Lc) om 2 0 0 4 





74HC165 








Q. st LA = - ie 
QO WV (am) (am) (am) (a) aE: 


GND 


Connecting Multiple /4HC165 





























SCK LOAD MISO 


gy ... 74HC165 is an 8-bit parallel-load or serial-in shift registers with comple- 
mentary serial outputs available from the last stage. You can daisy chain them 
together so it’s really easy to control a big number of LEDs or power transistors 
from only 3 digital microcontroller pins. 
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MAX7219 7-Seg. Display Driver 


Connecting a 4-Digit /-Segment Display 


4-Digit 7-Segment display 


(p163 / 

[SEGA / 

[SEGF / 

(p1c2 / 

(p16 / 
G 




















[SEGE / 
[secD / 
[secDP/ 
[secC / 
[secG / 
(p16 / 


1 (@\—/ DIN 


[D1G) ————= 


14 —<<—| 
= 
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[Rx _—_/ se 
_—_——B 
qe 





$<] ses 
—$S] ec? 
Sse 














CA 








Don't forget to connect all 
» the ground wires together! 
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MAX7219 


Pinout 
a 
Qa a ls WU _ oO a Le <I 
= A9 ) es) ) Lu LD es) ) es) < 
So Wl Lu ‘ir | i -- WW Lu Lu Lu —I 
QA Nn NHN NHN NH DS HN Nn NHN HN OO 





MAX/219 








DIN 
DIGO 
DIG4 

GND 
DIG6 
DIG2 
DIG3 
DIG7 

GND 
DIGS 
DIG1 


LOAD (CS) 


Calculating the Value of Rx 


The MAX7219 is a constant-current LED driver. Resistor Rx is used to set the 
current for the LEDs. You will need to know the voltage and forward current for 
your LED display or matrix and match the value on the table below. E.g., if you 
have a 2V, 20mA LED, your resistor value must be 28kQ. 


11.8 | 11.0 
@ Values 


17.1 | 15.8 : WF in kN 
28.0 | 25.9 
66.7 | 63.7 | 59.3 





iy... MAX7219 is a powerful serial input/output conmmon-cathode display driver that 
interfaces microcontrollers with /7-segment numeric LED displays of up to 8 
digits. It has a built-in BCD decoder and brightness control. You could also use 
it to drive individual LEDs, Bar-graphs LEDs, or 8x8 LED matrix displays. C& 
() 
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LEDM88G 8x8 LED Matrix 


Using the MAX/219 LED Display Driver 


A Use a conmmon-cathode LED matrix 
Pin 16 re 






SEGG 

SEGF 

DIG1 
SEGD 
DIGS 
SEGE 











(p14 / 
(166 / 
[SEGA / 
[sEGB / 
(o1c7 / 
[secD / 
(165 / 
(1c? / 


Pin 1 


@) Pin 1 is the first pin starting from the left if you orient 
“® the device so that the part number is facing towards you 
e2 
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LEDM88G 8x8 LED Matrix Schematic 
13 3 4 10 #6 11 +15 + 16 


® C) CO) C) C) O) O) (O) 


1 @) 
@,| @x| @x} @.| @| @} @ | @| 6 

7) © 
@.| @z| @| @| @} @} @} @| 7 

2 © 
Gr O O& O& @. @ @ @Q 8 

©) 


Cols | ii 5 4 5 6 if 8 


Connecting Multiple MAX/219 







Data IN ©—_ 4 -—/|——@® Data OUT 














= © data T low 





fy... one MAX7219 you can drive up to 64 LEDs using only 4 wires to interface 


with a microcontroller. This powerful LED driver is designed to be daisy-chained 
SO you Can connect multiple 64-pixel displays together (like those scrolling 
Signs you see in shop windows). 
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e2 
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[OUT pl p— 
[015 eh \ yp— 
[OTT —\ p— 
[019 -—\ ~— 
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TLC5940 LED Driver 


Basic Connections 















—S 


| 


si 


| 
W 
=) 
— 
aN 


NJ 


| 
Y™Y—O® 


KK NSN 


| 
mee 





/ouT14+ i I 

po iil 
Don't forget to connect all A 
the ground wires together! < 















Calculate Rx on the 
back of the page 
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TLC5940 


Pinout 

im 
W Y~ KF 2 Woe ce  _J  F- Ce 
ce = —_I <I <r a es Lu a jw — or L7 
SES QO HW YD LL J) BZ oO Ce WD WN OO Ww 
oOo => TF Wm SS @O we Ss A Go © ma SS oO 





TLC5940 











Calculating the value of Rx 


The 1L@594@ is a constant-current LED driver. The value of Rx has to be calcula- 
ted according to the output current that is best suited for your application. 
If you want to connect components that draw 18mA of current use Ohm’s law to 
calculate the resistor value as shown below. 


Rx = V/I 
Rx = 39.06V / 0.018A 
Rx = 2.1/0 = 1.2k0 


6 The number 39.06 comes from the on-chip 1.24V 
voltage reference multiplied by a gain of 
31.5, therefore 1.24 x 31.5 = 39.Q6V 


ig... TLC5940 is a 16-channel, constant-current sink LED driver. Each channel has 
an individually adjustable 4096-step grayscale PWM brightness control, 6 bit 
current Limit control (0-63), and a daisy chainable serial interface. Use this 
schematic to increase the number of PWM pins available to your microcontroller. C® 
() 
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TLC5940 LED Driver 


Connecting LEDs 








+5 7] You can connect outputs in parallel 
<7 to sink different current levels 


—_ range (mA) | LEDs per chip 
i 
es 
ec ee 
ee 

















Connecting Servos 


C& Don't forget to connect all , 
the ground wires together! <4 
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TLC5940 LED Driver 


Connecting High-Power LEDs 






© Up to 500m: 















































Don't forget to connect all & 
the ground wires together! < 





= 2N2222. «BS 170 


Connecting Multiple TLC5940 














~ @ data F Low C& 
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7-Segment Display 


Fedde 


Common-Cathode Connections 


+5\V/ 








A Connect pins 8 
| sand 4 together ST] AN) JN SY LO 
(common ground)! 





2200 
1 

2200 
4 
5 

2200 





2200 





2200 


(@) 5 


(@) 6 


(eo) 7 
(@) 8 


A 7-Segment LED display is an electronic device housing 8 individual LEDs so you 

Should Wise selgnent Sim tinge hes iStocs In Senles with» the MheroconthouleR pins. 

S The segments can be combined to produce simplified representations of the arabic 
@°® 


numerals or symbols. 


ABC Basic Connections 2018.indd 81 


23/11/2017 18:01 





0-1.es/18 


4-Digit 7-Segment Display 


Basic Connections 


WN 

I> 
(0163 / 
[SEGA / 


[sEGF / 
(p1c2 / 
foie / 
[SEGB / 



























Lj. 


pica / 






DIG? / —~CSsé<“Cs‘Csé«S *éSCG 


























Don't forget to connect all A == 
the ground wires together! am ™ 





ABC Basic Connections 2018.indd 82 23/11/2017 18:01 








0-1.es/19 








Pu | l-up 0 <, 
resistors WW = 
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I/O Expander 


Using the MCP23017 I/O Expander 


A) Maximum current per 1/0 pin 25mA! 


fh \———— 615 


EXP 14/ 


. Don't forget to connect all 
) the ground wires together! 
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™~ 
<r 
O 
a 


GPA6 
GPA5 
GPA4 


MCP23017 


Pinout 


GPA5 
GPA2 
GPA 
GPAQ 
INTA 
INTB 
RESET 


A2 


A1 
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> 
<— 








MCP23017 





GPBQ 
GPB1 
GPB2 
GPB3 





Toe oe ef > > 
Oo i oO (9 
Connecting an LED 


Connecting a Pushbutton 
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SCL 


SDA 


NC 

















e2 
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Analog Mux/Demux 


Using the 4051 Mux/Demux 








































































































| AUT} 


[ANS —— 


+5V 
=4 


e2 








4) Maximum 20mA per I/O pin 
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4051 


Pinout 


S1 
S2 


Nn aT OSoe.dDhULNDLDLDULUCCUCSS 
> > > > N 





4051 








VEE 
GND 


1N4148 




















fy... 4051 is a single-pole octal-throw analog switch suitable for use in analog 
or digital 8:1 multiplexer/demultiplexer applications. The switch features 


three digital select inputs, eight independent inputs/outputs and common 
input/output. 


e® 
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DC Light Bulb 


Low-Power Load 








Up to 600mA! —) 
































4.7kQ 





4m Light turns on when 


“7 pin is set to/HIGH 





Don't forget to connect all , 
the ground wires together! <@ 





MG) sec ccorteotier can only output a very small amount of current from their 
Output pins. These pins are meant to send control signals, not to act as power 
Supplies. The most common way to control a direct current device from a micro- 


C® Controller 1S te Used transistor. 
@e 
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DC Light Bulb 


High-Power Load 





A 


Don't forget to attach a heat 
Sink to the MOSFET if are 


Connecting a high-power load! 42 4V 













Up to 28A! —) 


gm» Light turns on when 


“7 pin is set to/HIGH 











IRL540 


~ Don't forget to connect all 
)' the ground wires together! 


fy... 2N2222 transistor is rated at 80@mA maximum, but you should leave a good 
safety margin. Many electronics projects designed for switching high-current DC 
loads use MOSFETs. If your lamp is greater than 2W, you need a MOSFET. The IRL540 
can deliver its specified 28A continuous current at 5V. C® 
ee 
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DC Motor 


Basic Connections 





= 


If you forget to connect the diode 
you could destroy the MOSFET! — ° Up to 238A! 











- 
- —_ | K 

— D SN A Gae¢ K 
7 , A 1N4007 
\ 











» Motor turns on when 


“2 pin is set to/HIGH 






1000 





Co 
ma 
> 
> 
— 


<>) | 





Don't forget to attach a heat 
SIN we wie MSE air are 
connecting a high-power load! = \ Don't forget to connect all 


» the ground wires together! 





gy .. motors can create harmful voltage spikes due to their inductive nature. In 
this schematic the capacitor used for filtering the noise caused by the motor 
and the diode is used to protect the power supply from reverse voltage caused 
by the motor acting like an inductor. 
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Solenoid 


Basic Connections 





© wp to 104: 







Opto-isolated 


Solenoid 





— The electrolytic 
) Capacitor is very 
important! 





—@e- “p> 
1N4Q07 
























B 
C 
Do not connect the A E 
opto-isolated ground 4m 
— to the circuit ground — 4N25 
It’s very important to use a large electrolytic capacitor in this circuit. The 
Capacitor is used for supplying the current required by solenoid when the circu- C® 
it is activated. ® 
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Relay 


Basic Connections 


2. +24V 









If you forget to connect the diode 
you could destroy the transistor! 


TW 1N4148 


NPN 


2. 2k) 


@m Relay turns on when 


WS pin is set to/HIGH 


Don't forget to connect all WN 
the ground wires together! . 























gy ....,. have two types of contacts: NO and NC. NO stands for “Normally Open”, 
whereas NC stands for “Normally Closed”. When the relay is turned off, NO 
contacts are open and NC contacts are closed. On the other hand, when the relay 
C& is turned on, NO contacts are closed and NC contacts are open. 
() 
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Relay 


Test Code 
int relayPin = 9; Assign variable relayPin as pin 9 
void setup() { 
pinMode(relayPin, OUTPUT) ; Initialize the pin as an OUTPUT 


} 


void loop() { 
digitalWrite(relayPin, HIGH) ; Turn the relay ON 


delay(3000); Wait for 3 seconds 
digitalWrite(relayPin, LOW) ; Turn the relay OFF 
delay(3000) ; Wait for 3 seconds 


Status LED for the Relay 











gy... offer complete isolation between the control circuit and the load. They 
can switch AC and DC and they can be very reliable and robust. Compared to 
transistors, relays are very slow. Relays are ON-OFF devices, whereas transi- 
stors can have their voltage drop varied. C® 
() 
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Opto-Isolated Relay 


Basic Connections 













4N25 


@ Relay turns on when 


WF pin is set to/HIGH 


WW 


1kO 
| 



































OO 
Ww 
Do not connect the , ic 
opto-isolated ground < = 
to the circuit ground a 
oO 

5 B 

2N2222 


gy... purpose of an optocoupler is to isolate two parts of a circuit. Typical 
examples are industrial units with lots of interferences which affect the 


Signals in the wires. If these interferences are not isolated, they can affect 
C& the correct functioning of the unit and cause errors. 
e 
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Logic-Level MOSFET 


Basic Connections x 
45... 448V 





Up to 28A! 
» MOSFET turns on when 
pin is set to /HIGH 





Don't forget to connect all | 
the ground wires together! < 











Don't forget to attach a heat 
Sink to the MOSFET if are 
connecting a high-power load! 


gy . you need to switch high-current and/or high-voltage loads with a microcon- 
troller board, you need to use a MOSFET. This circuit is reccomended only for 
switching purposes or in low frequency applications. The IRL54@ can deliver its 
Specified 28A continuous current at 5V. 
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Non-Logic-Level MOSFET 


Using the 4N25 Optocoupler =f s12v 


©) 







gm MOSFET turns on when 
WU pin is set to /HIGH 





Do not connect the ,{ 
opto-isolated ground ¢ 
to the circuit ground 





Don't forget to attach a heat 
Sink to the MOSFET if are 
connecting a high-power load! 


Opto-isolated 


gy... this circuit if you have a power FET (like the IRF series) and need some 
galvanic separation from your microcontroller circuit. This circuit is reccomen- 


ded only for switching purposes or in low frequency applications. The IRF54@ can 
C& deliver its specified 28A of continuous current at 10V. 
e 








23/11/2017 18:01 





0-1.es/29 


Servo 


Basic Connections 





Always connect to an 
) external power supply! 











Don't forget to connect all 
) the ground wires together! 


|) servos are designed to receive electronic signals that tell them what 
position to hold. They are used, for example, to control the position of flaps, 
rudders and steering. Continuous rotation servos on the other hand turn at 
certain speed and direction. They are useful for driving wheels and pulleys. C& 
() 
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Magnetic Buzzer 


Basic Connections 























C® Don't forget to connect all A 
oe the ground wires together! < 
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Piezo Buzzer 


Basic Connections 


If you forget to connect the diode 
you could destroy the transistor! 





























Don't forget to connect all () 
the ground wires together! Goa 





Note Frequency (Hz) 





262 
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IR Detector 


Basic Connections 


+5V 


cP) 





12kQ) 


(e) 






Adding a 4./uF capacitor 1s 
@2) recommended to suppress 
power supply disturbances 





= (, Don't forget to connect all 
@& the ground wires together! 


gy .. detectors are tiny microchips with a photocell that are tuned to detect 

infrared light. They are almost always used for remote control detection. IR 

detectors are digital out, either they detect a signal over a carrier (usually 

C® 38kHz) and output LOW (@V) or they do not detect anything and output HIGH (5V). 
@°e 
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IR Detector 


Common IR Detectors 


TSOP 48 36 TSOP 18 56 
SFH5110 NJL61H380 1S1U60 


rf” y NN yoN 
( ) | ) +) 
{ ) ) \ ) 
. © * le \ 4 \ 4 


TSOP 1736 
SFH506 


TFMS5 360 SFH5@5A PIC120435 


rir] of 
eo 8 
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IR Emitter 


Basic Connections 


+5V 














TSAL6200 





530) 


























Don't forget to connect all 
the ground wires together! « 





2N2222 


fy .. (infrared) communication is a popular, inexpensive, and easy to use wireless 
comunication technology. IR light is very similar to visible light, except that 
it has a slightly longer wavelength. This means IR is undetectable to the human 
C® eye, making it perfect for wireless communication. 
e 
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Constant-Current IR Emitter 


Basic Connections 

















TSAL6100 




















A K 
1N4148 








Don't forget to connect all A 
the ground wires together! 
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HD44780-Based LCD 


Basic Connections 


+5V 








e- 
@=- 
@—(—_RS +f) | 


HCE LS : 





IN 





al 
() © 
ot 


! 


JA. Use only with LCDs with no 
“2 current limiting resistor! 
Check the LCD documentation 








A. Don't forget to connect all 
“o8 the ground wires together! 


+5V 














Normally the LCD backlight is composed of LEDs in series. The total voltage drop 
across the LEDs is tipically 4.2V and the recommended current through the LEDs 


is 12@mA. You should use a current limit resistor Rirmit where: 
Rurmmt = CVeacktrcut-4.2)/0.12 


ABC Basic Connections 2018.indd 103 


23/11/2017 18:01 





0-1.es/35 


HD44780-Based LCD 


Pinout 








LCD Backlight Control 


Use only with LCDs with no 
Current Limiting resistor! ‘ey 
Check the LCD documentation 


RLIMIT Y 


| A + Light turns on when ae 
pin 1S set to /HIGH @ 




















— A Don't forget to connect all Cy 


~ the ground wires together! 
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HD44780-Based LCD Via I2C 


Using the PCF8574 I/O Expander 


+5V 


Pull-up resistors @ 
















Use only with 
LCDs with no 
Current limi- 
ting resistor! 
Check the LCD 
documentation 


= > 





RLIMIT 





























JA, Don't forget to connect all 
“2 the ground wires together! 
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PCF8574 


Pinout 
i _| <I E 
rw) LJ) (am) a ™ ‘oO LA wT 
— YW) YW) rm Q_ Q_ Q_ ane 





PCF 8574 








AQ 
A1 
A2 
PQ 
Pl 
P2 


NY @Q 
a 24 
OP) 


IC Pull-Up Resistors 


I12C is a popular communication protocol in embedded 
systems. When interfacing with the slave device a 
pull-up resistor 1S needed on each bi-directional 
Line. This 1S just two wires, called SCL and SDA. 
SCL is the clock line that 1s used to synchronize 
all data transfers over the I2C bus. SDA is the data 
Line. The SCL and SDA lines are connected to all de- 
vices on the I2C bus. There needs to be a third wire 
which 1s just the ground. Both SCL and SDA Lines are 
“open drain” drivers. What this means is that the 
chip can drive its output low, but it cannot drive 
it high. For the Line to be able to go high you must 
provide pull-up resistors to the 5V supply. There 
Should be a resistor from the SCL line to the 5V 
Line and another from the SDA line to the 5V Line. 


You only need one set of pull-up resistor Siimelqmmanre 
whole I4C bus, not for each device. 
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tS 


1 | 
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Nokia 5110 LCD 


Basic Connections 


1.8k0 
5300 


Don't forget to connect all A == 
the ground wires together! _ 





5. 3k) 
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\ 





OLED LCD 


Basic Connections 
Ueds 
C) ze 
>| |9 
@ :: 

VCC GND SCL SDA 


rls othe le 
WORLD! 












Don't forget to connect all 
the ground wires together! 
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UC1701 128x64 LCD 


Basic Connections 












HELLO 
HELL 
HEE 


PEE be 


A, Don't forget to connect all 
» the ground wires together! 
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$T70321 LCD 


Basic Connections 





rete eee 





Ay +3. 3V 


i es 
~~ ee all 
bea|fals 

EA) Al alu] ji 

SF FSAge 

SSS (a 





10k) 


Ip 





TUF 








{SCL Ce) 
{SDAS) 2 





A Don't forget to connect all 
the ground wires together! 
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DS Touchscreen 


Basic Connections 






Analog signals @ 


Ss Ww NM 


fe) 
fe) 
fe) 
oO 


<> 


C& f Don't forget to connect all 


the ground wires together! 
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Simple Touch Sensor 


Basic Connections 







+5V 


©) 


10k) 


Pin goes when 


contacts are touched 





























Don't forget to connect all A 
the ground wires together! GaGa 





2N2222 


gy... Simpe touch sensor is based on a Darlington configuration of transistors. 
They behave like a single transistor with a very high current gain, making it 
sensitive enough to respond to the small current passing through your body when 
you touch the metallic plates, activating the circuit. 
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© 
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e2 
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Pushbutton 


Basic Connections 


+5V 


i 
x =< iL = 
> 
= 


+5V 





button 1s pressed | 


i Pin goes/ LOW /when 7) 


@) Pin goes /HIGH/when 1 
“* button is pressed 








— Don't forget to connect all A 
the ground wires together! < 





AD ocrsseton or switches connect two points in a circuit when you press them. If 


you don't use the pull-up or pull-down resistor, the input pin is “floating” and 


will randomly return either HIGH or LOW values. Don’t forget to connect all the 
C® ground wires together! 
@°e 
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Pushbutton 


Test Code 


Ie Love i= 55 
int SWITCHPin = 4; 
int val; 


void setup() { 
pinMode(LEDPin, OUTPUT) ; 
pinMode(BUTTONPin, INPUT) ; 


void Loop() { 
val = digitalRead(SWITCHPin) ; 
if (val == LOW) { 


digitalWrite(LEDPin, HIGH) ; 


if (val == HIGH) { 
digitalWrite(LEDPin, LOW) ; 


Assign variable LEDPin as pin 13 
Assign variable SWITCHPin as pin 4 
Variable for reading the pin status 


Initialize the pin as an OUTPUT 
Initialize the pin as an INPUT 


Read input value and store it in val 
Check if the button is pressed 
Turn LED on 


Check if the button is not pressed 
Turn LED off 


Using Internal Pull-Up Resistors 





Pin goes/HIGH/when @) 


button is pressed —& 
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A, Don't forget to connect all 
) the ground wires together! 


ef 
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Pushbutton to 12V 


Basic Connections 


+12 





1 2.2kKQ) when input 
<UL 0: is +24V I= 


ae : Cc 
@ Pin goes /HIGH/when = 


button is pressed 





— Don't forget to connect all 
s the ground wires together! 





gy ... Signals are often found in many electronic systems and appliances, as signal 
voltage swings of 12V are advantageous to increase noise immunity. Electronic 
noise captured by the input wiring will be reduced by about 2/3 thanks to the 
C& resistor divider. Noise can be further reduced by the 10@nF capacitor. 
() 
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Toggle Switch 


Basic Connections 





On: goes /HIGH/ when 


‘position is selected 





SPTT/SPCO 
ON - OFF - ON 
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Multiple Pushbuttons 


Basic Connections 
+5\V 


© 





<> 


Analog signal @® 






gy .... circuit cannot handle simultaneous button presses. In order to do that, you 
could use resistors with values at 2x increments with respect to the previous 
one (e.g., 1kQ, 2kO, 4kN, 8kQ). Hence by checking the voltage value, you should 
C® be able to tell which buttons are pressed simultaneously. 
@°e 
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Rotary Encoder 
Using Internal Pull-Up Resistors 





©) Interrupt pins 


How Rotary Encoders Work 
aN? fa aN. 2 


Output A hsm. 


Clockwise 
“> 
Output B 1 Y 1 @ 
— <e 
90° phase shift 
ee eee ee ( 
Output A y 1 @ 1 
Counterclockwise 
—§ ————— 
Output B Y 1 Q 1 Y or 
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Rotary Encoder 


Basic Connections 


+5V 


10k) 





10k) 


6 Interrupt pin 


, N Interrupt pin (4) 
OF @ v\\ é 4S): 
10k ' j 10k0 
10@nF y y 10@nF 











Inside a Rotary Encoder 






unt 
v 
ee — ol oC 
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Simple Debouncing Circuit 


Basic Connections 


+5\V 


3 
ax 
> 
— 





Pin goes/LOW/when @ay 


button is pressed WH” 


+5V 








<I> 

Cc = 

= Pin goes/HIGH/when 6 

= “button is pressed “7” 
=< i= 
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Debouncing 
Theory 


Contact bounce 1S a common problem associated with 
mechanical switches and relays. Switch and relay 
contacts are made up of spring metals which are 
forced to contact each other by an actuator. While 
they collide with each other there is a possibility 
of rebounding for some time before they make a 
Stable contact. As a result of this effect there 
will be ON/OFF transitions generated as the con- 
tacts rapidly open and close. Contact bounce is an 


Tela renege Which generates multiple transi- 


tions for a single user input. 


Vout : 
-——— Switch pressed ———] 


Switch not Bouncing Bouncing Switch not 
pressed pressed 





Vcc 





GND 






Switch bouncing in pull-down connection 


Vout -———— Switch pressed ————_ 


Switch not Bouncing Bouncing Switch not 
pressed pressed 


Vcc 


GND 


C® t 
ee Switch bouncing in pull-up connection 
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Debouncing 
Using the 74LS14 Schmitt Trigger Inverter 


+5V 







Pin goes/HIGH/when e 


button is pressed WJ 


IC Connections 
100nF +5V 














74LS14 











GND 


e2 
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Rotary Encoder Debouncing 
Using the /4LS14 & the /4LS/4 


+5V 


=> 


Interrupt pins @ 


/STEP-—Apm—ef@) | 


74LS74 4-6): 





JA. Don't forget to connect all 
C& “2 the ground wires together! 
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74L814 & 74LS74 


Pinout 


74L814 & 74LS74 Connections 























74LS14 
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Keypad 


Basic Connections 





A 


~—w on Ul K 


x We 
IN 
S| [peas ae Eb 


BR 
tml 


of © interrupt pin €) optional interrupt circuit 
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Keypad 


Pinout 





iy 


Keypads are ubiquitous in many electronic appliances and are used as input 
devices. Note that computer and calculator keypads have a different key arrange- 


ment compared to telephones, locks or AIMs. CO® 
ee 
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Membrane Keypad 


Pinout 


[4 [5 ][6 | 
78 ILS) 


e2 
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Keypad With 1 Analog Pin 


Basic Connections 


+5V 


CoOL? A _| 
COL1 | 
COL? &_| 


41k) 





1kQ) 


Don't forget to connect all A 
the ground wires together! @ 





e2 





ABC Basic Connections 2018.indd 128 23/11/2017 18:02 





0-1.es/55 


Thumbwheel Switch 


Basic Connections 












+5V 
@) 
/ COM ¢ 
1 —e——) 
2 ©» 
©: 
i 8 +} (oe) 4 











A, Don't forget to connect all 
) the ground wires together! 


® 


4 
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Rotary Switch 


Basic Connections 


+5V 





»Pin goes /HIGH/ when ! 


’ Switch is connected ! 


\ COM 





“= A Don't forget to connect all 
42) the ground wires together! 


| an switches are switches that have fixed angular positions that click in 
place when the connection is established by rotating the shaft. You could build 
this circuit using just one analog pin as in the Multiple Pushbuttons sheet by 
replacing the pushbuttons in that circuit with a rotary switch. C® 
ee 


ABC Basic Connections 2018.indd 130 





23/11/2017 18:02 





0-1.es/57 


PS/2 Keyboard 


Basic Connections 


+5V 





. OK ——_-" | "»-_ 
@\ Female connector 
“XS Front view 





. Don't forget to connect all 
) the ground wires together! 





fy... is a simple synchronous serial protocol that uses only two wires for comu- 
nication. Due to its simplicity, PS/2 keyboards are widely used with simple 
microcontroller boards. PS/2 keyboards can send the equivalent ASCII value of 
C® the key that has been pressed. 
@°e 
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Trimmer 


Basic Connections 


Resistive Strip Wiper 





3) 
| 


OUT 





Z, 


| 








Don't forget to connect all 


: ) the ground wires together! 


1 


| are manually-adjustable, variable resistors with three terminals. Two 
terminals are connected to a resistive element and the third terminal is 
connected to an adjustable wiper. In this circuit, the position of the wiper 
determines the output voltage. 
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e2 
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Photoresistor (LDR) 


Basic Connections 


+5V 





<> 





— Don't forget to connect all 
) the ground wires together! 


[GY rovoresistor: or photocells are light-controlled variable resistors. The 
resistance of a photoresistor decreases with increasing incident light intensity. 
Photoresistors can be applied in light-sensitive detector circuits and 
C& Light-activated switching circuits. 
e 
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Phototransistor 


Basic Connections 


+5V 











BPW1/N 








— Don't forget to connect all 
) the ground wires together! 


re: are light-sensitive transistors. Light reaches the ~ the 
base-collector junction, where electrons are generated, and the current is 
amplified by the current gain. Phototransistors are faster than photoresistors 
and slower than photodiodes, but they are less sensitive to temperature. C® 
@e 
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Opto-Isolated DC Input 


Using the 4N25 Optocoupler 


© 2.2kQ) when input 


SS 1S +24V 
4.7kQ when input +9V 
is +48V=(II- © 
<TH D> = a 


1kQ) 


A +12V si 
ame Pin goes/ LOW /when 7) 
voltage is present 
at the input pin 


®—_WwW— 




















i B 

Do not connect the A, ic 
opto-isolated ground < = C 

to the circuit ground = 
b E 

p 

(oE 

&) 





4N25 


e2 
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Opto-Isolated AC Input 


Using the 4N25 Optocoupler 






)) 2.2kO when input 


“= is 24V 
4.7kKQ when input Eee 
is 48V <= +) 
<i> 
<TD> 


10k) 








Pin goes/ LOW /when @ 
voltage is present 
at the input pin 





1N4007 = 


Do not connect the “#\ 
opto-isolated ground <4 
to the circuit ground 


UU) 





(-) 











Opto-isolated 


4N25 


e2 
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SPST CMOS Analog Switch 


Using the 4066 Quad Bilateral Switch 


+5\V 







A Maximum 10@mA per I/0 pin 


2 _ 
. 3 —_—__  __— 


& Switch is closed when 
@ pin is set to HIGH 








X1 Vcc 

= Y1 AN 

ee eee | x2 jag 
Y2 X4 

A2 Y4 

A3 X3 

GND Y3 











e2 
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AC Current Sensor 


Basic Connections 


+5V 


100kO 








rt 10F 
16V 





100k) 





Don't forget to connect all -_ 
the ground wires together! A 


gy ..... non-invasive current sensing probes are an affordable solution for measu- 
ring high AC current. They are also called CT (current transformer) sensors 
because they act like current transformers, delivering a fraction of the current 
measured through magnetic induction. 
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O 


ef 
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LM34/LM35 Temperature Sensor 


Basic Connections 


+5V 


@A The LM34 is the native 
“& Fahrenheit version of 
the LM455, although both 
work similarly 






















WV 


Oo GND 


Out 


LM34/LM35 








Analog signal @) 


GND 


= yy — Don't forget to connect all 
@2y the ground wires together! 


gy ... LM35 is an analog, precision temperature sensor. This circuit allows for a 
measuring range of 2°C to +150°C (35.6°F to +302°F) with a temperature accuracy 
of +0.5°C (@.9°F). The output of the sensor is linear with respect to the measu- 

C® red temperature, increasing its output voltage by 10mV per degree Celsius. 
@°e 
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LM34/LM35 Temperature Sensor 


Full Range 


+5\V 


























LM34/LM35 





18k) 





1N4148 


A Don't forget to connect all 
{2 the ground wires together! 


gy... circuit allows the LM35 to achieve its full potential, allowing for a 
temperature measuring range of —55°C to +150°C (-67°F to +302°F). The voltage 
is measured between both analog signal outputs, so you need to read the values 
with your microcontroller and obtain the absolute value of the difference. C® 
ee 
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TMP36 Temperature Sensor 


Basic Connections 


+5V 








Analog signal @) 


GND 

















A, Don't forget to connect all 





the ground wires together! 


The TMP36 is an analog temperature sensor with a measuring range of —40°C to 
+125°C (-40°F to +257°F). It has a temperature accuracy of #2°C and it is very 


C® Linear. 
@°e 
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MCP9700 Temperature Sensor 


Basic Connections 








Analog signal @ 


























A Don't forget to connect all 
“2 the ground wires together! 


The MCP970@ is an analog temperature sensor with a measuring range of —40°C to 
+125°C (-40°F to +257°F). It has a temperature accuracy of #2°C and it is very 


(iiinectes C® 
ee 
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LM335 Temperature Sensor 


Basic Connections 


+5V 







mh 


Analog signal ( 


} 
y/ 
= 





CALIBRATION 


10k) 





























Ep Cpt tonal calibration circuit 
WD (Vout = 2.982V at 25°C (77°F )) 


. Don't forget to connect all 
) the ground wires together! 





iy... LM335 15 a digital, linear, precision temperature sensor. It has a tempera- 
ture measuring range of —55°C to +150°C (-67°F to +302°F) with an accuracy of 
1°C (1.8°F). The LM335 measures temperature in Kelvin, so you will need to 
C& Subtract 273 from your measurement to obtain the temperature in Celsius. 
e 
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Thermocouple 
Using the LM358 Op-Amp 




















A Don't forget to connect all 
) the ground wires together! 








@ Check wiring color codes online 


ef 
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DHT11 Temp. & Humidity Sensor 


Basic Connections 











-_ A Don't forget to connect all 
the ground wires together! 


The DHT11 is a digital, low cost, medium precision humidity and temperature 
sensor. Its measuring ranges are 20 to 90% (+5%) for relative humidity and @°C 
CO® to 5@°C (427°O) (32 F to 122°F (43.6 F)) for temperature. 
@°® 
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DHT22 Temp. & Humidity Sensor 


Basic Connections 




















+5V 



























































4.7kKQ 


A Don't torget to connect all 
) the ground wires together! 


iy... DHT22 (also called AM2302) is a digital temperature and humidity sensor very 
Similar to the DHT11, except it offers higher-precision readings. Its measuring 
ranges are @ to 90% (+2%) for relative humidity and -40°C to 80°C (+0.5°C) (-40°F 
to 176°F (+0.9°F)) for temperature. C® 
() 
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e2 
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DHT11/DHT22 2-Wire Connection 


Basic Connections 


Sensor 







¢e) 


(7) Max cable Lenght 300m (1000ft) 
“2 UTP CAT5 cable recommended 


This 2-wire connection circuit allows for reliable measurements over long 
distances. Twisted pair cables like UTP CAT5, used in computer networks such as 
Ethernet, are affordable and ubiquitous. 
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DS18B20 Temperature Sensor 


Basic Connections 


+5V 








4.7kQ 





























Don't forget to connect all © 
the ground wires together! < 





DS18B20 


iy... DS18B20 is a digital, precision temperature sensor with a measuring range 
of —55°C to +150°C (40.5°C) (-67°F to +257°F (+0.9°F)). Its 1-wire interface 
requires only one port pin for communication, providing the temperature value 
with just a few lines of code and allowing multiple sensors to run in parallel. C® 
() 


ABC Basic Connections 2018.indd 148 23/11/2017 18:02 








0-1.es/75 


NTC Thermistor 


Basic Connections 


+5V 





— Don't forget to connect all 
the ground wires together! 





|) (thermally-sensitive resistors) are a type of resistor whose 
resistance 1S dependent on temperature. Their temperature range is typically 
-55°C to 200°C (-67°F to 392°F). Thermistors are affordable, sensitive but not 
C& very linear. 
() 
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RTD Temperature Sensor 
Using a PI100@ Sensor 


+5V 





<I T- <> 








Analog signal @ 


56k() 








10k0 THRESHOLD 


a, 
as 

















Don't forget to connect all A 
the ground wires together! « 





PT 1000 = C& 
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Gas Sensor 


Using an MQ Series Sensor 


+5V 






The sensor heater draws 150mA —) 
Do not power it with your board! 


LOAD 
RESISTOR 





. Don't forget to connect all 
) the ground wires together! 





gy ... MQ series of gas sensors use a small heater inside with an electro-chemical 
sensor. They are sensitive for a range of gasses at room temperature such as 
methane, butane, propane, natural gas, LPG, smoke, alcohol, ethanol, ozone, 
C® ivapegenDenZeies anvanodenestt der oO WWeChenmcaGeroe G07; sGGrmciGe 
@°e 
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0-1.es/78 


Sharp GP2Y0A21 Distance Sensor 


Basic Connections 





— Don't forget to connect all 
s the ground wires together! 





gy... Sharp GPZ2Y0A21 distance sensor is a popular choice for many projects that 
require accurate distance measurements, it has a measuring range of 10 to 80cm 
(4 to 32in). The relationship between the output voltage and the inverse of the 
measured distance is nonlinear and needs to be linearized in the code. C® 
@e 
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0-1.es/79 


DIY microSD Card Reader 


Basic Connections 


<> 


a -On 


MOSIfe) 7 
1.8k0 


{SK M) ; 
1.8kQ 


oC Cc) 





=> 








— Don't forget to connect all 
) the ground wires together! 


| an to SD card adapters come bundled with many microSD cards nowadays. You 
can build this circuit to convert that adapter into a microSD card reader for 


O® your microcontroller board. 
@e 
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/DAT2/ 
/DAT3/ 
CMD / 
GND / 
VDD / 
/ CLK / 
GND / 
/DATO/ 
/DAT1/ 


SD Card 


Pinout 


C 
GN 


= 


C 
G 





PNoF-Veha-le 
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SD Card 


Using the 4050 Buffer 


f\ +3.3V 



















1 

MOST | 
5S ]—__—_— ; 
: 
4 


— Don't forget to connect all 
» the ground wires together! 





If you want to have a more professional, reliable and faster SD card reader you 
can opt for building this circuit using the 4050 buffer/converter instead of the 


C® DIY SD card reader circuit. 
@°e 
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SD Card Socket 


Pinout 
























































J i i a ~ >) 


oa) 

















6 Top view 


DATO MISO 
DAT 3 SS 


ey, SS / 
MOST 


[CLK / 
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SCK 





0-1.0e5/80 


a 


a Gil io) iG BY 
wo) aa ate ee 


M 
DAT 3 
DAT 2 


e2 


23/11/2017 18:02 








0-1.es/81 


3-Wire Computer Fan 


Basic Connections 


i \\ A am ( K 
S S 1N4007 
(5) YW) (ce) WW) 


@ PWM fan control 


'@ 










@ Interrupt pin 


Don't forget to connect all 


A D 
C& the ground wires together! < 
® 


S 
TRL540 
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4-Wire Computer Fan 


Basic Connections 


A Pu operating range 21kHz to 28kHz 








JiZIE aIVISIE 
a 
> ©) S| >| IL) | 
w YW) 










(am) Paad 
Pe LL 


7 oN 
@ Interrupt pin 


@ PWM fan control 


= > 


Don't forget to connect all , 
the ground wires together! < 
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Bi-Directional Level Converter 


Basic Connections 


fy +3. 3V +5V 


























5V signal ¢ 5 
—) Up to 200mA! 


Don't forget to connect all — 
the ground wires together! < 





LD oy aicccsionat Logic level converters allow you to connect devices that use 
3.43V logic level signals to microcontroller boards that use 5V, and vice versa. 
You can use both 3.3V and 5V supply voltages for this circuit or use only the 
C® 5V supply and a voltage divider to obtain 3.3V. 
@°e 
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Bi-Directional Level Converter 


Voltage Divider Connections 


+5\V 





























=O | lmi@s 
S D 
G c 
ae 
2N7000 S 
© © 
@ 3.3 Signal BV signal @ 





—) Up to 200mA! 


Don't forget to connect all A 
the ground wires together! < 
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3.5V to 5V Level Shifter 


Basic Connections 


+5V 







Up to 800mA! —) 


1. 5KU 





5V signal OUT ED 





C 
7 1kQ +5) 
© 3.3V signal IN 

















Don't forget to connect all A 
the ground wires together! . 














B 
2N2222 


& ...:. Level shifters allow you to connect devices that use 3.3V logic level 

Signals to microcontroller boards that use 5V, or vice versa, depending on the 

circuit you build. Logic level shifters only allow for the signal to go from one 

C® particular logic level to another. Select the circuit according to your needs. 
@°e 
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SV to 5.3V Level Shifter 


Basic Connections 


+5V 







= > 


Up to 800mA! —) 


ck) S 3.3V signal OUT @) 
| 


Don't forget to connect all A 
the ground wires together! < 


4700 














@sv Signal IN 



































2N2222 


e2 
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4050 Level Shifter 


Pinout 


VCe 


iy 
1A 
ay 
2A 
Si 
5A 








GND 





4050 














—) Up to 2@mA per I/O pin! 


— Don't forget to connect all 
) the ground wires together! 


fy... 4050 is a hex buffer with over-voltage tolerant inputs. Inputs are overvol- 
tage tolerant to up to 15V, which enables the device to be used in HIGH-to-LOW 
level shifting applications. The “hex” part means there’s actually six separate 
C& buffers im one chip. 
() 
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74125 Level Shifter 


Pinout 


A23.3v =; 











GND | 





74125 











—) Up to 35mA per I/O pin! 





Don't forget to connect all 
) the ground wires together! 


fy... 74125 is a quad buffer/line driver with 3-state outputs controlled by the 
output enable inputs (E). A HIGH on E pin causes the outputs to assume a high-im- 


pedance OFF state. The “quad” part means there’s actually four separate buffer- 
s/line driver in one chip. C& 
e 
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Voltage Divider 


Theory 


VIN VOUT 


ce) ce) 


R1 R2 


GS 


VOUT = VIN x RZ VA (R1 - R2) 
Vout = 5V X 3.3kN / (1.8K + 3. 3k) 
Vout = 3. 2V 


A voltage divider is a simple circuit that produces an output voltage that is 
a fraction of its input voltage by using just two series resistors. Voltage 
CO® dividers are one of the most fundamental circuits in electronics. 
@°e 
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TTL-CMOS Level Shifter 


Using the MC14504 


@ 3V to 18V operation 


“YY for Vop and Vcc 

















Vcc VoD 

A N AouT Pau 
AIN FIN 

OU To B QUT L MODE 

—_ 100nF BIN EOuT 
= oy Cout EIN 

: CIN DouT 

co yy. 

( GND DIN 


MC14504 


Input logic | Output logic 
levels Levels 











.CHOS 05 
<0 
.CHOS 04 
<i 


ae 
& Up to 10mA per port! 2 (veo) | cos | cos 





A, Don't forget to connect all 
s the ground wires together! 





gy ... MC14504x is a hex non-inverting level shifter using CMOS technology. The 
level shifter will shift a TTL signal to CMOS logic levels for any CMOS supply 
voltage between 5 and 15 volts. A control input also allows interface from CMOS 
to CMOS at one logic level to another logic level. C& 
e 
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I/O Pin Protection 


Using a Zener Diode 





A. If you want the limit value 

sto be closer to 5. 
rather than 5./7V use Schot- 
tky diodes instead of regu- 
Lar silicon diodes 








1N4148 





Don't forget to connect all A 
C& the ground wires together! . 
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I/O Pin Filtering & Protection 


Basic Connections 






+5\/ +5\V/ 
Ch) CP) 
K 
c = it 
JN = 
A wr 
(e) (@) 
100 - 
Mj troller pin Ga 
7 TCYrOCONTFOLLEL Din © 
° ‘ a 100nF 
1N5819 : 


Two Microcontroller Boards 


Basic Connections 





Pn 1kQ > 
q y Microcontroller A Microcontroller B 0 
= ii 


Don't forget to connect all ‘) 
the ground wires together! Gon 


e2 
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VGA Output 


Basic Connections 





COLVR/ } 4 COL2/G/ 
COLVUR/  /COL2/B/ 


COL1/G/ COL2/B/ 


| © OU -+-WW\———07 (COL2/G/B) fh 
» QOL SW (OLURTG) COL7Zey CO 


4700 (COL1/R/B/ (COL2/G/ fq 
















11 























@ Female conn. 
“UY Rear view 


OSG 





C® 680 Don't forget to connect all A = 
* the ground wires together! A | 
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Composite Output 


Basic Connections 


VIDEO OUT 








750 resistor required between ¢ 
NIDEO/and GND on the RCA plug “ 
for a very small subset of TVs 





= > 


Don't forget to connect all A 
the ground wires together! < 
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Single-Transistor Amplifier 


Basic Connections 





VOLUME 





<i> <n 























oO 
Don't forget to connect all A = 


Q the ground wires together ! : B 
ee 2N2222 
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Audio Amplifier 
Using the LM386 Audio Amplifier 


GAIN 
BYP 


} vcc 








4 VOUT 












= 
100uF 
100nF 


80) 


Don't forget to connect all A 
the ground wires together! 





e2 
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Preamplifier 


Basic Connections 







1 





I 
wn 


AUDIO OUT 
































B 
2N2222 


=< 






16V 
\ VOLUME 





C® Don't forget to connect all A 
ee the ground wires together! Goa 
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Microphone 
Using the LM386 Audio Amplifier 


+5V 









GAIN 

IN- 

IN+ 

Check the datasheet for the microphone GND 
to find out the most suitable value 


‘ 


for the pull-up resistor ge 
pull-up resistor @ 











Don't forget to connect all A 
the ground wires together! < 
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Simple 5V Power Supply 


Basic Connections 
AX +5v OUT 


u to 1. IO © © tional 
poe on 








— ac 
1N4007 




























“F 
A +7... +12 INn = 


35QuF 7 10Q0nF 
25V 











=@ 11 10> 
Don't forget to connect all — 
the ground wires together! A- 
Don't forget to attach a heat 
Sink to the 7/805 if are 
7 a connecting a high-power load! 
@°e 
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Simple 3.5V Power Supply 


Basic Connections 
£4 +3.3V OUT 


+) 
— @ic: Up to 1A 


1N4007 








A ; : 
Aw +5...+40V IN =| —— 
10uF | 100nF a 100nF | 100uF 
25V = 16V 





<UL> 





Don't forget to connect all () 
the ground wires together! . 


Don't forget to attach a heat 
Sink to the LM51/ if are 
connecting a high-power load! 


ef 
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Simple Adjustable Power Supply 


Using the LM41/7 Voltage Regulator 














Up to 1.5A! Up to 5A! 





@A~ You can use a trimmer instead of R1 and 
“ R2 to adjust the output voltage manually 


VouT = 1229 x (7 + (R2 vA R1)) 
VouT = 1,29. % (7 2 (3590 VA 240)) 
VouT a 5. 28V 





e2 
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Pull-Wave Rectifier 


Basic Connections 


12V AC RMS 





© when using a bridge rectifier and a Capacitor 
Vout = (Vin — 1.4) X 1.41 
Vour = (12 - 1.4) X 1.41 
Vout — 14.946V O® 
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WARNING! 





Mains voltage electricity is very dangerous. There is a high 
gk} axe) me (=t- 14a dal colule|aMm=i(-CeluceleUiu(e)a mi mant-l[akw=)(-ceaed (ell aVanhs 
allowed to pass through your body, adding to the risk of 
in k= We) a =).4 0) (0)}(0) 0 LIN =) (=reul d (e119) CM alo) Mxer-].0)(=1eNr-]ale MAUL -10 MeO): 
Rerett WA NEVER (ecodalatcermnat-liatcavce) iecle[-muomt-i o)a-t-(el efey-Ice! 


Use the instructions and suggestions in ABC: Basic Con- 
nections at your own risk. PighiXXX and the author 
oTKXelF- Tian e-]imc=s) eke)ariieliliavare)mr-lanmcceieridiace mer-laarele[-mmral Ul ays 
or expense. It is your responsibility to make sure that your 
activities comply with the safety precautions. 
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WARNING! 








Generally, dealing with voltages lower than 50V is relatively 
fc) ovum OLUL Mmr-Ta)vadal lave mr] ofo){-mad aT-) mm er-] alm ol=Wel-]ale(-1cOlU MAUNA 
nat) <-matalee dee) ol-) mae) alalveis(olaceyaisamealeMiulesea disconnected 
from the power outlet. Isolation between wires and other 
parts of the circuit that work at lower voltages is crucial. 
Always use wires rated for the voltage and current applied 
to them. This also applies, specifically for current, for all 
circuits covered in this book. 


Unless otherwise stated, do not connect DC signal ground 
(CiNID) Tae W Guo] colelavem(=t-)auapmuole(-eal-16 











0-1.e5/101 









TRIAG 


Using the MOG@S@iaas 



































+5V 
= i= - <I 
q 
@ Light turns on when a = 
WY pin is set to/HIGH NPN y a! 














Don't forget to connect all 
the ground wires together! 








® 
BTAG8-600 y Lon 
of & a 
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0-1.e5/102 
y 


ssing Detector 
e@ H11AA1 Optocoupler 





+5\V 
—~(I[)= =9 1/18 0- 
yN soc Ow 4 
a a ~< 
110V or > N — 
yLNENG - 





a 











)) 


\—) 
| 


Interrupt rin@ 


| | 


yy) 


CEC’ 


‘t forget to connect all 
' ground wires together! 











H11AA1 


e® 
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Solid-Sta’ 


Basic Conne 


+5V 





24 = 380VAC 























Solid State Relay 


oO 
B 


2N2222 


g@m& Relay turns on when 


“WY pin is set to/HIGH NPN C 
Ce) 








4.7kQ 





= 4.7kO 





Don't forget to connect all () y 
the ground wires together! 


e2 
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RC Snubber Network 


Theory 


The power rating of the resistor may 
“2% need to be as high as 10W for cir- 
» Inductive Load cuit activations every few seconds 





y 
.) 
\ NX 

: 
| 
| 
| 
| 
| 
| 
| 
| 
__| 


POWER (@ 





N The capacitor must be non-polarized and 
ASS its voltage rating = voltage x (2 to 4) 


Zz 
c-~ pM) - E 


10 10x Tx (r+) 


SIMPLE FORMULA 


R() = voltage(V) x (.5 to 1) 
C(uF) = current(A) x (.5 to 1) 


@A Standard values are 4/0 for the 
“® resistor and 10@nF for the capacitor 





LY «ssc are used in electrical systems with an inductive load where the sudden 
interruption of current flow leads to a sharp rise in voltage across the current 
switching device. A simple RC snubber uses a resistor and a capacitor in series 
to suppress a rapid rise in voltage. 
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0-1.e5/105 


Soft Latching Power ON Switch 


Basic Connections 


o» Circuit turns off when 


WF pin is set to/LOw/ 





TRFD9020 
oe) 





U 
D 


P-Channel MOSFET 





Cc 
as 
> 
> 
v_ 

P 


ower OFF pin @ 
(@) 


Power ON 
100k0 


100nF 





<> 





— Don't forget to connect all 


N-Channel MOSFET “= £2 
A the ground wires together! 


e2 
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Reverse Voltage Protection 


Basic Connections 


Adss...412V Avot 


IRFD9020 ) 


od Up to 2.5A! —) 4 
NI oS 


p A 


P-Channel MOSFET 68 
D D 
=O | it Oe 


Cc 
=" 
> 
> 
— 





100k) 





Power ON 





¢e) 




















AA) 
@® Circuit turns on when 
i] pin is set to /HIGH 
© optional soft ON circuit = 








B 
2N2222 


Don't forget to connect all A O® 
the ground wires together! G4oa ee 
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RS-485 Interface 


RS-485 Node Using the /51/76 Transceiver 

















A Don't forget to connect all 
) the ground wires together! 


e2 
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RS-485 Interface 


Node Termination Jumpers 


Middle 


Middle Node 





— 
ce) 
Ta) 
ct 
PEE 
(2) 
©: 
ia) 


Ce i, Oi, 
@ | ‘0! 0! 
iA! wet vet 
Dae Oi, 0%, 
:® | 10: \0: 
@i. 'O'.. @ 
@ | ‘0! ry} 


Mebenmuus number of drivers and receivers per line: 32 


|) is a standard for serial communication transmission of data, especially 
useful to transmit data over long distances and in electrically noisy environ- 
ments. Typical applications are process automation (chemicals, brewing, paper 


mills), factory automation, security, and motor control. 
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MIDI IN 


Using the 6N138 Optocoupler 








NC i Vbb 
A VB 
C VA @A Short J1 to copy data stream 
“YY from the input to the THRU port 
NC GND 
6N138 


+5V 


P_ 
/ 
| 


N 
N i 
eee 











1N4148 
C® Don't forget to connect all A, "S 
oe the ground wires together! Goa 
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0-1.e5/109 


MIDI OUT 


Using the 74HCT125 Bus Buffer 


+5\V v1 il 


a Connect/ THIN /to / THOUT, 
“YY for a THRU MIDI Port 

















GND | 





74HC125 





@~ 5-pin DIN connector 
1 @) “ Rear view 
2 (@ my THIN 








Don't forget to connect all A 
the ground wires together! <4 


e2 
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<> 


e2 


ABC Basic Connections 2018.indd 191 


) 
= i> 
—— 
we 3300 





Multiple MIDI OUT 


Basic Connections 


+5V 








@~ 5-pin DIN connector 


\ } 


“Ss Rear view 





+5V = = 


Don't forget to connect all 


TRLIBI 545 Ad the ground wires together! 


23/11/2017 18:03 








0-1.e5/110 


MIDI 


Pinout 


VREF 
=. 


O) 





[GND (2) 
5 


DATA 
——— 






@~A 5-pin DIN connector 
0 Front view 


O) 






(7) Pins(3) and(Jare used for implementing power over MIDI 


MIDI Daisy Chain 
(4) Shielded twisted pair 


Master 





& 0: is a widely-used protocol that allows a wide variety of electronic musical 
instruments, computers and other related devices to connect and communicate with 
one another. You can build a MIDI controller with your microcontroller board and 
connect it to your computer to control a sequencer and play music! C® 
@e 
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0-1.es/111 


DMX Interface 


Using the 751/76 Transceiver 











FP aneio 


@A Female XLR-5 conn. 
WF Rear view 





1000 














CO® “= A. Don't forget to connect all 
ee ) the ground wires together! 
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DMX 


Pinout 






Female XLR-5 connector 
Front view 








(4) Female XLR-3 conn. 
Front view 
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RS-232 Interface 


Using the MAX232 RS-232 Driver 


+5\V 





\00nF L__ 


a —— 
100nF L_S 












= yy . Don't forget to connect all 
@2y the ground wires together! 


= 
~“)——_f RTS K(@) 3 























re) Male DB9 conn. 7 
\2 Front view 





Don't forget to connect all A 
C& the ground wires together! <2 
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RS-232 


MAX232 Pinout 


Vcc 

GND 

T 10UT 
R1IN 
R 10UT 
T1IN 
TZIN 
R 20uT 





MAX232 











T 20UT 
R2IN 


| 
™N W 
LJ — 


C?+ 


| 
= 
a) 


C1+ 
Vst+ 


RS-252 Pinout 


TXD 
/ DIR / RXD 
DCD 








Front view 


= 


I 
CTS ef 8 ) RIS 


| is a Standard for serial communication transmission of data. It was once 
a standard feature of a personal computer, but USB has displaced it from most 


of its peripheral interface roles mainly because of its low transmission speed. 
Nevertheless, RS-232 devices are still used, especially in industrial machines. 
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e2 
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RTC 


Using the DS1307 I’C RTC 








x1 i) Vop 

X2 SQW 

ee VBAT I sce 
GND SDA 






D Pult-up resistors 


Sea 


X 
\ 











@ If the backup battery is not 
“ in use connect Veat to GND 


A, Don't forget to connect all 
s the ground wires together! 
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EEPROM 


Using the 24Cxx Series EEPROM 








AG VDD 

A1 WP 
=v A2 SCL 
GND SDA 





INC 


_— 


€® Pull-up resistors 


eee 











@) Write disabled when connected 
“ to Vcc instead of GND 


A, Don't forget to connect all 
“2 the ground wires together! 
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Digital Potentiometer 
Using the MCP416x 











& Vp 

SCK POB 
SDI/SDO POW 
GND POA 





MCP416x 


5 O51 








A Don't forget to connect all 
) the ground wires together! 


Up to 5v! Ab 





e2 
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0-1.e5/116 


Butter 


Using the LM458 





OUT 1 







IN-1 | = 
6 At 5V supply voltage, 


IN+1 max output is 35.4V 








GND AY 43... 432V 








CALIBRATION 











A, Don't forget to connect all C® 
) the ground wires together! . 
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0-1.eSs/117 


Hall Effect Sensor 


Using the SS49E Hall Effect Sensor 


+5V 





























Vcc— GR — out 
| Out = A — Don't forget to connect all 
GND “2 the ground wires together! 
SS49E 





yy, Hall effect sensosr are a transducesr that vary their output voltage in 
response to a magnetic field. The output voltage is set by the supply voltage 
and varies linearly in proportion to the strength of the magnetic field. They 
C& are used for proximity switching, positioning or speed detection. 
e 
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0-1.e5/118 


Spectrum Analyzer 
Using the MSGEQ/ Equalizer 






+5V 






a 

FI 

VDDA © 

a 

VSSA = = a 
Sk 
OUT NO 
SN 

STROBE 











MSGEQ7 










@) Analog signal . 
2 Ce) 
3 @ /STROBE I 


cvv0 
LOADSW 


p 


LECcOl 








Don't forget to connect all A 
the ground wires together! < 
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0-1.es/119 


Flex Sensor 


Basic Connections 
+5\V 


10k) 


Analog Signal | 





= A Don't forget to connect all 
the ground wires together! 


gy .... flex sensor is a variable resistor whose resistance increases as the body 
of the component bends. Sensors like these were used in the Nintendo Power Glove 
and are patented technology of Spectra Symbol. Please be careful not to bend 
C& them too much, especially at the base of the device, as they can get damaged. 
() 
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0-1.e5/120 


Piezo Sensor 


Basic Connections 








— Don't forget to connect all 
» the ground wires together! 


LG sesccrecteic sensors use the piezoelectric effect to measure changes in pressu- 
re, vibration, temperature, strain, or force and converted into a voltage. The 
piezoelectric effect is generally reversible and sensors can work also as output 
devices. If you open a piezo buzzer you can hack it into a piezo sensor. C& 
() 
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0-1.es/121 


Op-Amp Threshold Switch 


Using the LM358 Op-Amp 











BUNT VDD 
ne IN-1 OUT2 
THRESHOLD IN+1 IN-2 
GND IN+2 





LM358 


@~ Pin goes/ LOW /when LDR 


“7s receiving light 














A, Don't forget to connect all 
) the ground wires together! 


The LM358 op-amp acts as a voltage comparator so you have to adjust the 10k() 
potentiometer for your desired activation treshold. You could replace the photo- 
C® resistor with any other resistive sensor! 
@°e 
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DAC 





0-1.e5/122 


Using the MCP4921 12-Bit DAC 
































100kO 





+5V 














ad MCP1541 








Don't forget to connect all A 


the ground wires together! @ 
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Vop ff 


cS 
SCK 


SDI 


VOUT 















|} Vout 
GND 
VREF 
LDAC 
MCP49 21 
<I - 


Up to 25 mA! 


= 


e2 
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0-1.e5/123 


H-Bridge 


Using the L294D 


+5V 






































OTROTS) ‘ 





DIRT) 5 


—————V-@ | 





—) Maximum 60@mA per channel! 


gy... L293D is a quadruple high-current half-H driver. It is designed to provide 
bidirectional drive currents of up to 60@mA at voltages from 4.5V to 36V and it 
is able to drive inductive loads such as relays, solenoids, DC and bipolar 
C& stepper motors. 
e 
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0-1.e5/123 


LD293D 


Pinout 






Heatsink & ground A) Ay Heatsink & ground 








L293D 


Function Table 





























pire) o PwM | /OIR@1 @ pym | (OIRO 
“speed! orig a 5 





\ N 


DIR10 peed| iro 
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0-1.e5/124 


Unipolar Stepper Motor 


Using the ULN2803 Darlington Transistor Array 
+5\V 


Stepper power supply! —) ce) 























A Maximum 500@mA per I/O pin 


. 


2 Oi BS 
Ome, 
6 ODS 





CS Don't forget to connect all A) ~ 
@@ 


the ground wires together! 4oa 


ABC Basic Connections 2018.indd 209 23/11/2017 18:04 














0-1.e5/124 


Stepper Motor 


Basic Concepts 


There exist two main types 


of stepper motors: 


unipolar and bipolar. In essence, they both work in 
the same way: electromagnets are turned on sequen- 


tially, 
motor 


Causing the central 


Shaft to turn. One 





<x 


Unipolar stepper motor 


difference between the two 
types 1s their voltage 
Levels. Unipolar stepper 
motors operate only with po- 
Sitive voltages applied to 
the electromagnetic coils, 
e.g., 5V HIGH and @V LOW. 
Bipolar stepper motors have 
two polarities: positive and 


LOW voltages would be, for 
Instance, 2.5V and -2.5V re- 
spectively. [his configura- 
tion requires H-bridge circu- 
itry to reverse the current 
flow through the phases, pro- 
ducing the two polarities of 
the magnetic field. By ener- 
gizing the phases with alter- 
nating the polarity, all the 
coils can be put to work tur- 
ning the motor. Bipolar step- 


negative, so their HIGH and 


CX 





Bipolar stepper motor 


per motors have more torque because current flows 
through the entire coil, producing a stronger ma- 
gnetic field to induce the shaft to rotate to the 


appropriate angle. 
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0-1.e5/125 


Bipolar Stepper Motor 


Using the L2943D Motor Driver 








—) Maximum 60@mA per channel! 


Cf © stepper power wit. 


Don't forget to connect all 
A ihe ground wires together! 
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0-1.eS/125 


Bipolar Stepper Motor 


Step Sequence 


Stepper motors can be driven in two 
different patterns or sequences: 
Full step sequence and half step se- 
quence. In the full step sequence, 
two coils are ener- 

gized at the same 
time and the motor 
Shaft rotates. The 
order in which coils 
have to be energized 
1S given in- the 
table. In the half step sequence, 
the motor step angle is reduced in 
half, therefore the number of steps 
and the angular resolution are dou- 
bled. Half step mode is_ usually 
preffered over full step mode. The 
table shows the energizing pattern 
of the coils. 


















































































































































_| | |_| iO 
| | | 



































LJ 
G@ 
a 
T_ 
© 
= 





Step Angle 


The step angle of a stepper motor is defined as the 
angle traversed by the stepper motor in one step. 
To calculate step angle simply divide 560 by the 
number of steps that it takes the stepper motor to 
complete one revolution. In half step mode, the 
number of steps per revolution doubles. 

of 
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0-1.e5/126 


Stepper Motor 


Phases 


It's easy to identify which color corresponds to 
each phase inside the 
Stepper motor, as well 
as the common terminals 
(A and B). We assume 
that each coil has a re- 
Sistance of 300. 





300 ~ 300 
~ 600 

Use a multimeter and set it to the 2000 range. 
Place the positive (+) terminal of the tester ona 
wire (e.g., blue) and with the negative terminal of 
the tester (-) begin measuring the resistance on 
all remaining wires. 








— 
— 
=> 
= 


Blue-Green 


_a, 





e2 
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0-1.e5/126 


Stepper Motor 


Phases 





Measuring the resistance 
with the rest of wire 
Combinations, we will 
obtain a table with all 
measured values: 





From these measurements 
it can be deduced that the 
connections are of this 


type: 
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0-1.es/B1 @ +... +12v 


<y—< © 





UNO Pinout 





Input voltage to the board when it's using 
an external power supply. Not USB bus voltage! 


Logic reference voltage for shields 
Connected to the 5V bus 


NC ——————® 























7——e 

ESE cn MCE IF —@ 
 — 

aay x CON EF 
BOE cn? BH LF 
BAY 0 CY MF <0 
BOY °c" MY AEF 
SDA, (OCHS cw: (ACC mF —2 
scl_(ADESY cnr Bes ME — 


ICSP Pinout 


a 8 SCK 
rr: RBI) Pcint + / MISO 


ee MOS| 





e2 
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| 














—"\ -— PWM Pin 
; | Power Serial PIN 
Port 
GED Port power group @e sno PIN Function 
A Physical PIN £> Interrupt PIN 
A Port PIN MY Control PIN 
MY Analog PIN Be ibe 
AS: MAX per pin 
40mA, 20mA recommended 
), Neste] MAX 200mA 
’ for the entire package 
yy The total current of each 
QW / port power group 
S pe i 
vis —_ BY HGP run”) SCL 19AS 










SDA 18 A& 


© _ BP BGG row") 
oH Etsy 





o——_ iy 

© BEV Sr / sik & 
© —_ BY Ea)rons'/ MISO 
"AD EBD? / MOS| 
OO" BF BW! on7?/ 
©" BE BD)Pont' (OCIA 
© BL Bont (CKO ICP 


© _ AE G0 Pon) 
"°F DED) P22 MAIN OCA 
O”°—. AD 0S) 2 0n12/ foceBy 
© _ BV LiMo) xck Moy 
”°-.- BE 201" ANTI foczBy 
© BE 209) 20" NTO 

© —_ BV Pron" TXD 
© IMB) @ 0 


Connected to the Almega and used for USB 
programing and comunicating with it 


















ie) 





— 






— 





(~WMd) IWLISIG 














16U2 ICSP Pinout 


am a PCINT! SCK 
a (APES)? cnt? / MISO 
a Mos 
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—"\" -— PWM Pin 
eo GD Power Serial PIN 
0-1.es/B2 @ +7... +12v ©) Port power group Me GN 9) PIN Function 
A Physical PIN £> Interrupt PIN 
Luy-—_< © _ MW Port PIN MV Control PIN 
5. MD Analog PIN ya: 





USB Connector 
2. 1nm Micro Type B 





LEONARDO Pinout 


MAX per pin 
4QmA, 20mA recommended 

O MAX 200mA 

\Y for the entire package 


(Oe total current of each 
\SY port power group 
faNZN] 100m 


/0C@B “INT@ SCL 
INTL SDA 



































Input voltage to the board when it's using 
an external power supply. Not USB bus voltage! 


Logic reference voltage for shields 
Connected to the 5V bus 


os 
LJ 





—ICP3 OC4A CLK fOY 
ADCS 


12 Al 


_— 


e—_HF rs tO, 
"\ A EBD) Pont MOTE MOCWAY RTS 






OVI ES on Oey oy my = 8§6AET 
: Ne 25 7 ey fcc a © 3 





8 A8 


© BEY Brent! / 





OdYVNOI1 














io fon 

me eon nee (On) — = RO fF Ww 
> > 
fon — 





ICSP Pinout 
PB Pcintt/ SCLK 
[TE 


a , PDO MISO 
BER 


a PO! Mos 
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e2 






















@ ov - 20 
0-1 .eS/B3 ad ESP-32 Gateway A Power Serial PIN 
LEI PSY Pont RXS Me no PIN Function 
zy —_—< © ! 23 | Ja" (gana) TXS GD Physical PIN OY interrupt PIN 
EY ERY oc eR es Port PI MBB Control PI 
a aii MY Analog PIN DD ioe 
USB Connector 
Micro Type B 
—\ -— PWM Pin 

















FLUO WiFi Pinout 


A MAX per pin 
Gey 40mA, 20mA recommended 








1O | 
a 


y—7 a 5 


' for the entire package 





LSU-dV 





Y oN P 
Input voltage to the board when it's using 6 GPIO pins rated at 3V 


an external power supply. Not USB bus voltage! 





c 1 
a BaD Cog awe 


Logic reference voltage for shields — | 
Connected to the 5V bus 


© — BY Bayer StL 
© BI BG." SDA 
oR 


i mon 


oe 


he a) jt 
puuses Fu - ———+ ae iu 


) 


a) 


































FR cs oe  —_ 
ee VY | De 
ot a © $0 APB 28) xcKo TONY 
\ AEN APBD 2.1" /LOCORY ARNE 














The (HER@niUimaaeteteitaeles Current you can 

















P3 

5 
draw is 750mA for 3.3V and 750mA for 5V 4 ©" AEF BYP /OCOBY, Ss 
Oo —"\ AF MPD)? cnt? OCA 
wv SEUSS Ee «AY ASCE) n= TOC 
GDS)? nt /APRSY E7——e i SD“CARD "\ ALY APIS)? cint25/OCIAY 

P27 Ab KEEP cnt / / 35) eae | FAR 0 AD AAT | Om o—_ 

ee 25 oo mo ee ere — ae _ XCK1 - 
GROG? cnt? /APRAY EEF ——e 3 O WUE ay © —— AL P02) cn «INTO RXD1 
GGG? cnt (AER E¥—e ies pod Gane o—$_ A M0) cn725/ TXDO Ts | 
es es | ay 





BF MP ron’) & RXDO 
FA 


Connected to the Almega and used for USB 
programing and comunicating with it 


ICSP Pi 16U2 ICSP Pinout 
Ate ma on) ck 
A 0 


a [MB 005) 80 me 


an BBB 
of = i == on — Hos 
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(MEBID/P cnt! / SCK 








0-1.es/B4 


Nano Pinout 


TxD (pont (POI Ef —® 
RxD /Pcnt's/MPOOW EL ——@ 
RESET" MPC AE ——e 
vy 


RXO¥ -TX1 





RST 











AINTOY (Pc MPD E7——@ 
(0C2By GINTAY/Pcnr AP A © 
MOY) xck (ronr?*/ROR Aay——@ 
ST (0008Y/Pcnr? RS A -@ 
(OCOK GAIN)? cnr? (MP DEY AL —"\ -@ 
HAND)? 1723 PTY AF ——@ 
(MEPAY CLKOC 7? (PRO EF ——@ 
(OCIA Pct APBD AEF —"\ -@ 

Ss [Pcnt? /MPB2Y ALF" -@ 
MOs| (Pct? PSY AEF —"\ -@ 
MISO /PCiINT’ /MPBIY AT ——@ 




























D1@ D9’ D8——-D7—_D6 D5 D4,//D3~—.D2 GND 


—\ 


— 








Ls By a bs Ba 8 














USB Connector 
Mini Type B 


ICSP Pi t 
pha EBS /rcwTs} SK 


AED 1" AE 4, ae MISO 
1 


(MEBSY) Pct? / MOs| 
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VIN 


5V \RST GND 


©00000008 0 


A3B-A4 AS A600A7 


D13 /3V3 


















































—"\" -— PWM Pin 
aa MD Power Serial PIN 
GHD Port power group Mw cno © PIN Function 

GD Physical PIN (Interrupt PIN 
MD Port PIN MD Control PIN 
SY Analog PIN Be ibe 

o—#§+{_ ALY 

o—#§\—_ iy 

$B Gn": 

o——_y 

a © Exclusively analog -— 

© —_ BY BGP 01") SCL p19 AS] 

© _ BP Ba eon”/ SDA p18 Aly 

© BY BGP rn ey p17 A3 

©—_ BY EOP” ay p16 Az 

C—_ BI LD. ony EX 

C— BEY Grn? ay AX 

—_ iy 

o——§ Ey 

C$ A 20n5/ sck Pt3 





Input voltage to the board when it's using 
an external power supply. Not USB bus voltage! 


VIN 


Ame MAX per pin 


4QmA, 20mA recomended 
) MAX 200mA 


YS for the entire package 
A) The total current of each 


\S port power group 
hot_exceed Mian 


e2 
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0-1.es/B5 


NodeMCU Pinout 


&ry—__e 
Also known as CHPD @) AEN A7¥—e 
RESET JE¥—— 


e2 
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Tout MAGy Aa 


RESERVED ——-—-—— 
RESERVED ——>@®) 


«uy 
aAiy—__e 





USB bus voltage 





a ee a rt) 
ul 


= — Fi altel 23 =f) 


- leak 
: | 11 @® 
DBOQBCEEOGUOz@ 
ee | 
sllggi  : ‘=/om 
= RST Lerten UNEPASH r 


i— 





























USB Connector 
Micro Type B 














~\ A i073) HsPi0 Rxp2 «cTSse HMOSI 
~"\ AF Mois HSPs) 1x02 RTS0 
~\ iy 


(M13 Rx00 
"7 Eaiy 1x00 
o—#¥__ ky 


o—# Ey 








ESI 








A Power Serial PIN 
A ono / PIN Function 
A Physical PIN > Interrupt PIN 
A Port PIN MD Control PIN 
MD Analog PIN 

—" -— PWM Pin 


@) LOW > firmware flashing 
“% HIGH > normal boot 
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0-1.es/B6 MD Power Serial PIN 
A ono (PIN Function 
GD Physical PIN (Interrupt PIN 
MY Port PIN MD Control PIN 
MY Analog PIN A ibe 
A Touch Pin A DAC Pin 


PWM Pin 


ESP-WROOM-32 Pinout 


i 


A, MAX per pin 
Gy 12mA, 6mA recommended 








o——_ &yy 

\ Ey iiay SPIO bsrSTR08 
"AE 10227) enact" aks vspiwP 
~\ “7 TXD2 [JT XD = 
a7, i — — © Programing POLE 
eo \ LY \o2 EMACTXEN VSPIHD 

o———_ NN 

"EV M1019 enact UetT> vspPie 


SDDATA2 =ysiDATA2 [y4RXD spiHo (1097 ‘Aeay sp|D U2CTS ys xDATA1 = spDATAT 


Chip Enable. High: (High: ON, Low: OFF A 
minimum power) Never leave CHIPPU floating! 4“ 













HSP|HD SpDATA1 HS2DATA1 

















SDDATA3 = ys{DATA3 [qT XD spIWP 10107, 


spcMD = ysqtMD_~—s RTS —-—f 


SPI2 = y2RTS ys {DATA@ = pDATAQ 





SPEER y jqbis yj ysictk SpclK 


e2 
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DIY Microcontroller Board 


Basic Connections 
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A WOES «MAX per pin 
) 40mA, 20mA recomended 


OS AMS MAX per pin 200m 


current of each port 
for the entire package 


‘power group EigeviteRaihemscaae) 1200mA 


ICSP Connections 


Peak, Tp cece 


— = > 
—— a 
(_ RX / 


AO 
WN 
— 


| 
Y)®) @® 


















+5V 


10Q@nF Reset 


m 
Y®™YODO® 


I> 
Pa 
bey 


| TM 
Cy CT 


Lo 
ae 
| 


i 
Y™YVO®D® 









Don't forget to connect all A 
the ground wires together! Goa 
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0-1.es/B7 


DIY Microcontroller Board 











































































Breadboard 
+ — abcd (oe yaar ee + — + — a De -d g ony + — 
i in i i | i i | Oo = 
= e = o =o 
i i ' = of O : RTS 
= =H = of 
i | i | 1 = o Oo Oo 
Eo = o = H 
= = =H ’ = of a Ff Oo 
= = H = 
Sana Es i in in ie Ber Oo mS 
=o = of = H 
i i i i | 7 o oeoueae 
i i i i a HEEOCD 
O = H 
= i i i i = a & i i | =- 
BEB 8 i EEG i i i i 
= i i = =f & Bio a= Oo Oo a if & Bio —_h 
Oo = o = o 
i i i i. Oo Oo i i | 
O = H = H 
i i i i | Oo Oo i i | 
i i | i i | Oo Oo i i | 
Oo =H 7 =o 
Oo O ie i | : Oo i i ee 
o =o Oo 
Oo i i. mn ke n i i i ke 
O = o Oo = H 
i i —S EEEC 
Oo = H Oo a 
[ i Ss = 
Oo =H = = = o 
i i | i | i i =e 8 
i i i i | i i = 8 
B = H =o = H 
i i BS @ 20 208 fan i B @ 20 
Oo =H = o =o 
BHEEEOG [ i | = 8 
o =o = of = H 
HHEEEeSG Oo Oo SHREESG Oo Oo 
O =H = Eo 
i i. i. = =o i nn =e r 
Oo = = = of i 
pn Eo EHREEG EEEESG EEEESG 
EEEEG Bem Bm m2 Sa nn ns = i i. on bes 
Oo =o = = = o 
HHEEESG HEHEEESG ie en EEREESG 
O = H = H = H 
EEEEG EHEEEG ee nn EEEESG 
Oo =H = of = H 
i i. i. EHREEG aan m 
Oo =o Oo . 
i ee HEHEESG 
Oo =o : Oo 
a en i. oe @ BH B30 a a_i _ 
+ — abcde fq hij -- — “| — abcde f (denis) f — 
Step 71 of 2 Step 2 OF zZ ne 
@® 
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0-1.es/B8 


Step 


per Motor 


Winding Configurations 


4-Lead Bipolar 





6-Lead Unipolar 


5-Lead Unipolar 


6-Lead Bipolar (Series) 


8-Lead Unipolar 
@ 








@ Not all manufacturers use the color schemes 


’ represented here, please check the datasheet 


8-Lead Bipolar (Series) 
2, oO 


+@ +#) 





@ 


8-Lead Bipolar (Parallel) 
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0-1.es/B9 































































































Onley, 
CH1 
© 0UT2} 


CH2 
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CURRENT SENSING B 
OUTPUT 4 

OUTPUT 3 

INPUT 4 

ENABLE B 

INPUT 3 


LOGIC SUPPLY VOLTAGE VSS 


GND 

INPUT 2 

ENABLE A 

INPUT 1 

SUPPLY VOLTAGE VS 
OUTPUT 2 

OUTPUT 1 

CURRENT SENSING A 


1N4001 





L298N Motor Driver 


Basic Connections 


Aye... +46V +5V 
© 
































































Don't forget to connect all ) 
the ground wires together! Goce 


e2 
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